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ABSTRACT 

This document contains a 40-hour course in 
programmable logic controllers (PLC) , developed for a 
business-industry technology resource center for firms in eastern 
Pennsylvania by Northampton Community College. The 10 units of the 
course cover the following: (1) introduction to programmable logic 
controllers; (2) DOS primer; (3) prerequisite mathematical 
understanding; (4) basic principles of operation; (5) discrete 
input/output systems; (6) basics of PLC programming; (7) implementing 
and programming the PLC; (8) guidelines for installation, start-up, 
and maintenance; (9) PLC system selection guidelines; and (10) course 
review. Units include information sheets, transparency masters, and 
(in some cases) pretests and exercises. (KC) 
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PROGRAMMABLE LOGIC CONTROLLERS 
(40 hours program) 



I. INTRODUCTION TO PROGRAMMABLE LOGIC CONTROLLERS 

A. Definition 

B. Historical Background 

C. Basic Principles of Operation 

D. PLCs vs Other Types of Controls 

E. Typical Areas of PLC Applications 

F. PLC Size & Application 

G. The Benefits of Using PLCs 

IT. DOS PRIMER 

III. PREREQUISITE MATHEMATICAL UNDERSTANDING 

A. Nuirber Systems & Binazry Codes 

B. Logic Concepts 

C. Entering a Ladder Diagram 

IV. BASIC PRINCIPLES OF OPERATION 

A. Processors, Power Supply System, & Programming 
Devices 

1. Processors & Processor Scan 

2. Subsystems, Error Checking, Diagnostics 

3. The System Power Supply 

4. Programming Devices 

B. The Memory System & I/O Interaction 

1 . Mem )ry Types 

2. Memory Structure & Capacity 

3. Memory organization & I/O Interaction 

4. Memory Map Examples and I/O Addressing 

5. Memory Considerations 

V. DISCRETE INPUT/ OUTPUT SYSTEMS 

1. I/O Rack Enclosures and Table Mapping 

2. Remote I/O Systems 

3. Discrete Inputs 

4 . Discrete Outputs 

':>. Interpreting I/O Specif i:;ations 

VI. BASICS OF PLC PROGRAMMING 

A. Basic PLC Instructions and Addressing 

1. Types of instructions 

2. Instruction addressing 

3. Branch instructions 

B. Programming Timers 

C. Programming Counters 

D. Program Flow Control Instructions 

E. Program Data Manipulation Instructions 
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VII. IMPLEMENTING & PROGRAMMING THE PLC 

A. Control Definition 

B. Control Strategy 

C. Implementation Guidelines 

D. Programming Organization 

E. PLC System Dociunentation 

VIII. GUIDELINES FOR INSTALLATION, START-UP, AND 
MAINTENANCE 

A. System Layout 

B. Power Requirements and Safety Circuitry 

C. Noise, Heat, and Voltage Considerations 

D. I/O Installation, Wiring, and Precautions 

E. PLC Start-up, and Checking Procedures 

F. PLC System Maintenance 
6. Basic Troubleshooting 

IX. PLC SYSTEM SELECTION GUIDELINES 

A. PLC Sizes and Scope of Applications 

B. Process Control System Definition 

X. REVIEW OF COURSE MATERIAL 



RECOMMENDED TEXT: Programmable Controllers: Theory & 
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DEFINITION : 

Solid State computer capable of storing 
instructions to Implement control functions 
to control industrial machines or processes. 

TYPICAL INSTRUCTIONS: SEQUENCING 

TIMING 
COUNTING 
ARHUMETIC 
DATA MANIPULATION 
COMMUNICATION 
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Introduction to Programmable Controllers 

- Programmable (Logic) controlfers: Factory- 
hardened computers. 

- Usually referred to as a PLC (Programmable Logic 
Controlfer) to avoid confusion with a personal 
computer or PC. Sometime abbreviated as P/C. 

- Onginaify desfgnel as reiay replacing devices. 
• Reusable. 

- Programmed and maintained by plant engineers 
and technicians. 

- Reduce machine downtime with easily replaceable 
I/O interface. 

- Provide expandability for the future. 

- Advanced by the late 1 970*^ to handle implex 
mathematical decisions necessary in process 
control. 

- Terminology is a mixture of electromechanical word 
and computer jargon. 
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TYPICAL AREAS 
OF 

PLC APPLICATIONS 



What Are 



Machine Control 
Car Wash 

Bottling or Packaging 
Material Handling 

Data Acquisition 
Pipe Line Monitoring 
Hydro Electric Dams 



Food Mixing or Coot 
Chemical Processing 



Used For? 




BASIC PRINCIPLES 
OF 

OPERATION 



lyptcal PLC System Components 



Input 
Module 



CPU 



Output 
Module 



Programming 
Device 



Operator intsrtece 



A typical PLC system is made up of the following components. 

• Input Module — Brings in the field input signals. 

• Central Fmocessing Unit (CPU) — Makes decisions based on input signals. 

• Output Module — Controls field devices. 

• Programming I>eTice — Device for humans to tell a PLC what to do and when 
to do it 

• Operator Interftce — Devices that allow system operators to display process 
information and enter new parameters for control. 



Terminal 




A Tenninal is generally a piece of hardware that interfaces a human with a computer 
system. 

A Terminal can be one of the following. 

• CRT — for speed of interaction 

• PRINTER ^ for documenting prc^rams and application data 
Hardcopy is the paper printout. 
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Discrete Inputs 



NormaUy Open 
Pu^ibutton 



O O 



Normally Closed 
Pushbutton 



UmitSwitdi 




Discrete Input — Field input that is either on or off. 

Example: A push button, toggle switch. limit switch, float swftdi. flow switch, foot 
switch, pressure switch, proximity switch, etc. 

I/O Points — Terminal points where the user connects real world input and output 
field device wires to the PLC VO modules. 

discrete inputs are given a number that is set by automatic default or 
manual configuration. 

Example: X006 is a discrete Input, wired to the 7th point on the first input module. 
Digital Input — Another term for a Discrete Signal. 
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Analog Input 




Analog Input — Signal where an electrical signal from a field sensor varies as the 
process condition changes. 

Example: Level transmittsr monitorif^ Kquki level In a vessel. 

This can be proportionate or disproportionate, depending on the primary element, 
transmitter, etc.. 

More on Analog later! 
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Discrete Outputs 




Solenokj 



Lamp 



Output signals can also be Discrete or Analog. 

Discrete Output — Used to turn field actuators either on or off. 

Example: Solenoids, contactor coils, lamps, etc. 

discrete outputs are given a number that is set by automatic default or 
manual configuration. 

Example: Y11 is a discrete output, wired to an output nrodule. 




Analog Outputs 




Analog Signal 




Air Supply 



Analog output — A signal that controls variable position field devices with a varying 
electrical signal. 

Exanipte: Current to pneumafte transducer for an air-operated flow-controt valve. 

This can be proportionate or disproportionate, depending on the primaiy element, 
transmitter, etc. 

More on analog later! 
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Central Processing Unit (CPU) 



Decision 


User 


Making 


Memory 




1. Decisions to be made 




2. Process information 



The Central Pirocesdng Unit has two insj<H' functional sections to a PLC user. 

• Decision Making Seedtm — Makes dedstcms hased the signals received from 
the inputs. Tlsese decisions are totally controlled by tiie user. 

• User Memory > • Section that stores two ^pes of user information: 

1) Instructions nec:essary to make the dedsions 

2) Process or applicaticj dependent infonnation 
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Decision Making 




The CPU makes decisions tyJbUowing instructions given by a human. 

FIX controlled processes are very efficient because the CPU follows its instructions 
fast and accurately. 

Computer Error"* almost always comes from human or mechanical devices that give the 
computer instructions to do the job incon^ectly. 

Remember, if told to do something wrong, the CPU does it wrong, fast, and 
accurately!!! 
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Programming Terms 



"I can do this Bst of instructions, 
or I can do the list that is on 
the chip." 



Memory 



Instruction 




SOFnVARE 



f={RMWARE 



HARDWARE 



Just like humans, these instructions must be h) a language that ^ CPU understands. 

Relay Ladder Logic (RLL) — The most common HjC language. This was derived 
from electromechanical schematic symbols. 

Machine Stage Programming — Combines relay ladder logic elements with a 
sequential function chart of the machine to be controlled to develop a control program. 

Program ~ One or more instructions that accomplish a task. 

Software ^ One or more programs that control a process 

Hardware ~ Any part of a HjC system that physically exists. 

Firmware — Software that has been physically placed into hardware, such as an 
integrated circuit chip. 



PROGRAMMING 

HARDWARE 

• PCs 

• Handhelds 
MODE 

• On-Line 

• Off-Une 

LANGUAGE 

• Relay Symbology 

• Boolean Logic 

• Computer Language 
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RELAY LADDER DIAGRAM 




FREE FORMAT EQUIVALENT PC DIAGRAM 



IPS ICN 



4CR SCR sen* 



BOOLEAN STATEMENT 

( (1PB»2CR) + 3LS ) •4CR*5CR = SOLA 



CODE OR MNEMONIC LANGUAGE 



LOAD 


1PB 


AND 


2CR 


OR 


3LS 


AND 


4CR 


CAND 


SCR 


STORE 


SOLA 



Here is a comparison ol programmable languages tha! 
are used with various programmable controllers. The 
most popular is still the relay ladder diagram because 
plant personnel are more faimiliar with It. 



PLCs 
vs 

OTHER TYPES OF CONTROLS 



PLCs vs OTHER TYPES OF CONTROL 



RELAYS 

• PLC offers superior Flexibility 

Reliability 

Capability ( Data Collection, 

Expandability ) 
Repeatability 



♦ PLC requires less space 



PLCs vs OTHER TYPES OF CONTROL 



COMPUTERS AND PERSONAL COMPUTERS 
A) Environment 



Operating t«mp«rfttur« 
Storsg* tcmp«ratur« 

Humidity 
Environmental air 
Vibration 
Shook ratlttanea 

Voltaoa withttand 



Insulation rosittaneo 

Nolto immunity 
Dimontiona (mm) 
Voltaga ranga 
Fraquaney ranga 
Input currant 
Inrush currant 
Input powar 
Output voltaga 

RIppla 

Output currant 



0« to eO'C (32» to 140*F) 

to 70'C (4» to 158"F) 
5 to 95%, noncondonsing 
No corrosive gases 
MIL STO 810C 514.2 
IMIL STD 810C 516.2 

1500 VAC. 1 mln. tsetween primary, 
secondary. FG and RUN contact. 

20M ohms. 500 Vdc between primary, 
secondary, FQ and fUJN contact. 

NEMA {CS3-3G4. bnpulse 1000V 1 ^. 

108 (W) X ISO (H) X 110 (D) 

85 to 132 VAC/170 to 264 VAC 

47 to 63 Hz. 

1.3A 

20A maximum 
SOW maximum 
5.1V ± 0.25V 



Less than 
lOOmVp-p 
0.1 to 3.7A 



20 to 28V 

More than 

tVp-p 
0 to 0.4A 



♦12V 
-12V 
Less than 
lOOmV 
25mA 
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PLCs vs OTHER TYPES OF CONTROL 



COMPUTERS AND PERSONAL COMPUTERS 
B) Software and Programming 

• Self diagnosing interface circuits able 
to pinpoint malfunctions 

• Conventional relay ladder symbols which 
are familiar to plant personnel 

• PLC executes single program sequentially 
from first to last instruction 

- Computers capable of executing 
several programs simultaneously 
and in any order 

- PLCs becoming more intelligent: 

Subroutines 
Interrupt Routines 
Jump Instruction 



PLCs vs OTHER TYPES OF CONTROL 



COMPUTERS AND PERSONAL COMPUTERS 
C) Maintenance 

• Modular components which are easily 
removed and replaced 

• Hardware interfaces for connecting 
field devices are part of the PLC 

• Hardware and software designed for 
use by plant electricians and technicians 



PLC SIZES 
AND 

SCOPE OF APPLICATIONS 



PLC SIZE AND APPLICATION 



I/O 



MEMORY 



CAPABIUW 



SMALL 256-2048 bytes 

usually CMOS 
RAM with battery 
backup 



-Simpld to Advanced 
•Discrete 



MEDIUM 



128- 
2048 



32 K Bytes 
usually CMOS 
RAM with 
battery backup 



-Simple to Advanced 
-Discrete and Analog 

•Data Communication 
RS-232 or 20 mA loop 



LARGE 



up to 
8192 



750 K Bytes 



Individual processes 
to entire plants 

-Master/slave 

-Servo drive 

-Communications 
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PLC SIZE AND APPLICATION 



I 

3 




•4 128 512 1024 2041 4096 

I/O COUNT — > 



Bin 
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THE BENEFITS OF USING PLCs 
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BENEFITS OF USING PLCs 



FEATURES AND BENEFITS 
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BENEFITS OF USING PLCs 



INSTALLATION 

• Relatively Small Size 

- Locate conveniently 

• Remote I/O with Coax or Twisted Pair Connection 

- Reduce material and labor 

- Allow pre-wiring before installation 



BENEFITS OF USING PLCs 



MAINTENANCE AND TROUBLE-SHOOTING 

• Soiid-State Components 

- Modular, plug-in systems 

• Fault Detection Circuits and Diagnostic Indicators 

- Assess proper operation of components 

• Programming Device 

- View programmed logic in operation 



REVIEW OF THE PC 

• System Configuration 

• Diskette Care 

DOS DEFINED 

• Operating Systems Defined 

• MS-DOS & PC-DOS 

• Different Versions of DOS 

RUNNING DOS 

• Loading a Program 

• The DOS Startup Disk 

• DATE & TIME Conmiands 

• Logged Drive 

• System Shutdown 

ENTERING DOS COMMANDS 

• Internal vs. External Commands 

• DOS Functions 

DISK FORMATIING 

• File Storage on Disk 

• FORMAT Command 

• Types of Disks & Formats 

• FORMAT /S 
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FILES & DIRECTORIES 

• FileDirectories Defined 

• DIR Command 

• Directoiy T ree Structure 

• MKDIR,CHDIR,RMDIR Commands 

• PROMPT Command 



FILE COMMANDS 

• COPY 

• Filenames & WOdcards 

• Pathnames 

• RENAME 

• DELETE/ERASE 

OTHER DOS COMMANDS 

• CHKDSK 

• DISKCOPY 

• DISKCOMP 

• BACKUP & RESTORE 

• TYPE 

• PRINT 
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PREREQUISITE MATHEMATICAL 
UNDERSTANDING 




NUMBER SYSTEMS 
AND 
BINARY CODES 



How Information Is Stored In Memory 




ov 


ov 


ov 


5V 


5V 


OV 


OV 


OV 




PLC 



Data in a memory can be instructions *o a PLC or Rrocess Infoimation. 
Hiis data is stored electnmically. 

As an example of data storage, consider when a human must enter numbers into a 
PLC for control purposes. 

Humans enter numeric values using the decimal number system. 

The memory of the controller stt}res these numbers using electronic signals such as OV 
and 5V. 

Translation of these numbers from machine terms to human (decimal Integers) is an 
important concept 
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Blnaiy Numbers 




ov 


ov 


ov 






OV 


ov 


ov 



00011000 





Numeric data is stored in groups of electronic signals sudi as current, voltage. 
r'*agneti^ etc 

Using ■ voltage as an example, there are only 2 electronic signals possible. 

Human beings generally find it easier to refer to these as 1*1 and O's, where: 

5 v- 1 
0 v-0 

Since there is no voltage recognized between 0 and 5 volts, each storage group has 
signals that ore 1*9 or O's. but never anything else. 

The numeric pattern used by programmable controllers, base Two, is called a Blntry 
Number. 
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NUMBERING SYSTEMS 

1. BINARY 

- Usable valid values - 0^1 

- Bit - 1 place 

- Nibble - 4 places 

- Byte - 8 places 

- Word - 1 6 places or 32 places 




BINARY NUMBER SYSTEM 



128 


64 


32 


16 


8 


4 


2 


1 


0 


0 


0 


1 


1 


0 


0 


0 



Remember in Binary Kumbers, there are only 2 valid digits used (0 and 1). 

In the Binary Number System, we take a pou^ of l*t arul 0*s and arrange them into 
columns. 

Each cohmin is weighted with a decimal value which is based on a power of 2. 

The columns' decimal weight is generated 1^ first assigning a value of ''l* to the right 
hand column. 

Then move from right to left and double tfie previous weighted value. 
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DECIMAL NUMBER SYSTEM 



1000 


100 


10 


1 


1 


2 


s 


6 



6 units 

•i- 50 tens 

••• 200 hundreds 

1000 thousands 

1256 



Human beings work with decimal numbers everyday, using 10 digits from 0-9. 
The concept of "weighted columns' is not new. 

The Decimal Kumber System also weights each column, but with a power of 10. 
The sum of a!! she wei^ted columns is the total dedmal number. 




To Convert a Binary Number 
to Decimal (Positive Integer) 



128 



64 



32 



16 



8 



8 

•I- 16 



24 



To better understand how a HjC can "remember" data, consider the steps on bow to 
tnteipret a decimal number from a blnaiy value. 

Step i Action 

1. Search from right to left for '1's\ 

2. Write down the tfedtnal weight of eacA column that contains a '1'. 
9. Add the column values iogether. 

The sum of all the weighted columns diat contain a "I" is then the decimal number 
that the PLC has stored. 
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BINARY NUMBER EXERCISE 



Convert tht foltowing binary numbers to decimal numbsrs. 



128 fi4 32 16 8 4 2 1 



1) 0 0 0 1 0 0 0 1 « 



2) 0 1 1 1 0 1 1 1 



3) 1 0 1 G 1 0 1 0 



For Extra Credit 



010000010001 
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BITS, BYTES, AND WORDS 



A 



Bits 



0 



1 



Byt0 



Word 



BIT — • single Binaiy diglT 
BYTE ~ 8 bits 

WORD — 16 bits or 32 generally 



*Thc number of biu in a word is scoalljf dependent on the specific equipmem. 
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BINARY NUMBERING SYSTEM 



BZNJkRY 16 BIT WORD 
IS 15 14 13 12 11 10 9 
32768 16384 8192 4096 2048 1924 512 2S6 



HAX NUMBER 65536 

8 7 6 5 
123 64 32 16 



4 3 2 
8 4 2 

NIBBLE 



1 
1 
BIT 



BYTS 



16 BIT WORD 
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NUMBERING SYSTEMS Continued 

2. OCTAL 

- Usable valid values 0,1 ,2,3,4,5»6,7 

- No 8 or 9 is used in this system 

- Some PLC's use this system for I/O Addressing 

3. DECIMAL 

- Usable valid values 0.1 .2.3,4,5,6,7.8.9 

- Most common numbering system 



NUMBERING SYSTEMS Continued 

4. HEXADECIMAL 

- Usable valid values 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F 

- Used when programming computers 

- EPROMS store memory with this numbering system 

5. BCD 

- Used on thumb wheels 

- Some PLC's use BCD math on I/O system 
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BCD NUMBERING SYSTEM 



BCD 16 BIT WORD MAX NUMBER 9999 



16 15 14 13 



4 2 1 



12 11 10 9 



8 4 2 1 



8 7 6 5 
8 4 2 1 



16 BIT WORD 



4 3 2 1 
8 4 2 1 
1 



8 BIT «ORD 
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ASCII CONVERSION TABLE 




Qurietir 






CKifietir 




iUiaeiciul 


Qtrictir 




MtiiifClHl 


NUL 


0 


00 


0 


48 


30 . 


i 


91 


SB 


SOH 


t 


01 


1 


49 


31 




92 


SC 


STX 


2 


02 


3 


50 


32 


2 


93 


50 


ETX 


3 


03 


3 


51 


33 




94 


5E 


EOT 


4 


04 


4 


52 


34 


«» 


95 


SF 


ENQ 


5 


OS 


5 


53 


35 




96 


60 


ACK 


6 


06 


6 


54 


36 


• 


97 


61 


Ba 


T 


07 


7 


55 


37 


b 


98 


62 


BS 


t 


08 


3 


56 


38 


e 


99 


63 


HT 


9 


09 


9 


57 


39 


d 


100 


64 


LF 


10 


OA 


• 
• 


58 


3A 


t 


101 


65 


VT 


11 


OB 


• 
t 


59 


3B 


f 


102 


66 


FF 


12 


OC 


i 


60 


3C 


9 


103 


67 


at 


13 


00 


s 


61 


3D 




104 


68 


SO 


14 


OE 


> 


62 


3E 


1 


105 


69 


SI 


15 


OF 


? 


63 


3F 


i 


106 


6A 


OLE 


16 


10 


• 


64 


40 


k 


107 


6B 


DC1 


17 


11 


A 


65 


41 


1 


108 


6C 


0C2 


18 


12 


S 


66 


42 


■ 


109 


60 


DC3 


19 


13 


C 


67 


43 


n 


110 


6F 


0C4 


20 


14 


0 


68 


44 


o 


111 


6F 


NAK 


21 


IS 


E 


69 


45 


P 


112 


70 


SYN 


22 


16 


F 


70 


46 


q 


113 


71 


ETB 


23 


17 


G 


71 


47 


r 


114 


72 


CAN 


24 


18 


H 


72 


48 


1 


115 


73 


EH 


25 


19 


I 


73 


49 


t 


116 


74 


sua 


2S 


1A 


J 


74 


4A 


u 


117 


75 


ESC 


27 


IB 


K 


75 


48 


V 


118 


78 


FS 


28 


1C 


L 


76 


4C 


w 


119 


77 


GS 


29 


10 


M 


77 


40 


X 


120 


78 


RS 


30 


IE 


N 


78 


4E 


y 


121 


79 


US 


31 


IF 


0 


79 


4F 




122 


7A 


SP 


32 


20 


P 


80 


SO 


i 


123 


78 


! 


33 


21 


0 


81 


51 


• 
« 


124 


7C 


m 


34 


22 


R 


82 


S2 


} 


125 


70 


• 


35 


23 


S 


83 


53 




126 


7£ 


f 


36 


24 


T 


84 


54 


Da 


127 


7F 


% 


37 


25 


U 


85 


55 








ft 


38 


26 


V 


86 


S6 








ff 


39 


27 


V 


87 


57 








( 


40 


28 


X 


88 


S8 








) 


41 


29 


V 


89 


59 








• 


42 


2A 


z 


90 


5A 










43 


2B 














• 


44 


2C 














mm 


45 


20 














m 


46 


2E 














/ 


47 


2F 















CONVERSIONS 

• Binary to Decimal 

• Octal to Decimal 

• Hexadecimal to Decimal 

• ASCII Chart 



WHY HEXADECIMAL? 



Hexadecimal numbers are easier to use and handle than Binary Numbers, 
at least in temis of length. Computers/software understands Hex numbers. 



DECIMAL 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 



HEX DIGIT 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
0 
D 
E 
F 



CONVERTING HEXADECIMAL TO DECIMAL 

Just as with decimai numbers, we build muitipie-digit Hex 
numtsers by adding more digits on the left Suppose, for example, 
we add the number 1 to the largest single-digit decimai number 9. 
The result is atwo d^it number 10. What happens when we add 1 
to the largest single-digit Hex number. F 7 We get 10 again. The 
number 10 in Hex In decimai is 16; not 10. We know that lOh is 16, 
but how do we convert a larger Hex number, such as D3h. to a 
decimal number without counting up to D3h from lOh? Or. how do 
we convert the decimal number 173 to Hex? 
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What does the number 276 mean? In grade school, we learned that 
276 means we have two hundreds, seven tens, and six ones, or: 



2 


X 


100 = 


200 


7 


X 


10 = 


70 


6 


X 


1 = 


6 


276 






276 



We can use this same graphical method on Hexadedmai numbers. 
Consider the number D3h we mentioned earlier. D Is the Hexadecimal 
digit 13. and there are 16 Hex digits versus 10 for decimal; so. D3h is 
thirteen sixteens and three ones, or: 

D ===> 13 X 16 = ^ 
3 3 X 1 = 3 



D3h = 21 1 




For the decimal number 276, we multiplied the digits by 100, 10, 
and 1 . For the Hex number D3, we muftiplied the digits by 16 and 1 . 
If we had four decimal digits, we would multiply by 1000, 1 00, 1 0. 
and 1 . Which four numfc>ers would we use with four Hex digits? For 
decimal, the numbers 1000, 100. 10, and 1 are all powers of 10: 

103 = 1000 

102 = 100 

10^ = 10 

10° = 1 



We can use exactly the same method for Hex digits, but with powers 
of 16, instead of 10. Our four numbers are: 



163 - 

162 = 

16^ = 

16° = 



4096 
256 
16 
1 
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Lets convort some Hex numbers to decimals. 



7C: 


7 


mmm> 7 


X 


16 


• 


112 




C 


SB SBB SK ^2 


X 


1 




12 




7Ch 










124 


3F9h: 
















3 


SKS> 3 


X 


256 




768 




F 


a»B> 15 


X 


16 




240 




9 


mmm> 9 


X 


1 




9 




3F9h 










1.017 


AFICh: 
















A 


S3ses> 10 


X 


4,096 


m 


40,960 




F 


m:mm> IS 


X 


256 




3,840 




1 


> 1 


X 


16 




16 




C 


SS09C> 12 


X 


1 


SB 


12 




AFICh 








» 


44,^ 


3B802h: 
















3 


s s s ^ 3 


X 


6S.f336 


ss; 


196,608 




B 


11 


X 


4.096 


ss 


45,056 




8 


s««> 8 


X 


256 




2,048 




D 


as3s> 13 


X 


16 


ss 


208 




2 


as aBB> 2 


X 


1 




2 




3B802h 








ac 


243.322 
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CONVERTING DECIMAL TO HEXADECIMAL 

Like grade school math, we will start by recaUing what we learned 
in division. We would divide 9 by 2 to get 4 with a remainder of 1 . 
We will use the remainder to convert decimal numbers to Hex. Lets 
see what happens when we repeatedly divide a decimal number; in 
this case, 493, by 10: 



493 

10 - 49 remainder 3 

10 = 4 remainder 9 
__4 

10 = 10 remainder 4 



4 9 3 



The digits of 493 appear as the remainder in reverse order - that is. 
starting with right most digit C3. 

We saw in the last section that ail we needed for our Hex to decimal 
conversion was to replace powers of 10 with powers of 16. 



1,069: 

1.069 

16 = 66 remainder 13 
16 = 4 remainder 2 
16 = 0 remainder 4 

4 2 D h 



57.109: 

57.109 

16 3.569 remainder 5 

16 = 223 remainder 1 



16 « 1 remainder 15 



15 
16 



1 remainder 13 

D F 1 5 h 



CONVERT HEXADECIMAL TO DECIMAL 



8C = 

3D8 = 

CD1A = 

3B102 = 



CONVERT DECIMAL TO HEXADECIMAL 



504 = 
1.362 - 
47,392 = 



0100 
4 



1101 
D 



0001 
1 



1100 
A 



WORD 
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LOGIC CONCEPTS 




f;f; 



I 
I 
I 
I 



I 

I 



BOOLEAN ALGEBRA 



Two-Valve Concept 

- True = 1 

- False = t) 



1849, George Boole, England 

- Tool to aid in the logic of reasoning( philosophy ) 

I - Simple way of writing complicated combinations 

I o* " logic statements " that can be true or false 

I 

I 

^ Ail digital systems based on this true/false or 

I two-valued concept 

I 
I 
I 
I 
I 
I 
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BOOLEAN ALGEBRA 



RULES 



AB.BA 

A4(B>C)-(A4-B)^C 

A(BC) - (AB)C 

A(B^C)»AB<^AC 

A>BC-(A + B)(A^C) 

A(A^B)»A^AB«A 

(aTb)«A B 

(AB).A^B 

A-A,T-0.0«1 

A4-AB»A^B 

AB4>AC4>BC»AC^BC 



COMMUTATIVE LAWS 

ASSOClATiVE LAWS 

DISTRIBUTiVE LAWS 

LAW OF ABSORPTION 
DE MORGAN $ LAWS 



I 



AND 



inputs 




Two-irtput 
AND gate 
symbol 



Inputs Oiitput 



A 8 


Y 


0 0 


0 


Q 1 


0 


1 0 


0 


1 1 


1 



AND truth tabi© 



Circuit 



SWA SW-0 



Light 



Boolean Equation: AB = Y 
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OR 



A 



B 




Two-input 
OR gate 
symbol 



Inputs Output 



A 


B 


Y 


0 


0 


0 


0 


1 


1 


1 


0 


1 


1 


1 


1 



OR mitn table 



Circuit 




SW->» 



sw-s 




Boolean Equation: A + B = Y 



NOT 




Output 



A 


NOT 4 


0 


1 


1 


0 



NOTluOitabia 



n { n 

SinsJto input 



Boolean Equation: A = Y 
~ 71 



BASIC RELAY INSTRUCTIONS 

CONTACTS - Represent conditions to be evaluated 

Examine ON — j }— 

Examine OFF 
COILS 

- Represent outputs 



- Controlled by evaluation of conditions 
OUTPUT — ( )— 




LOGIC CONCEPTS ILLUSTRATIONS 



Ralay ladder diafiiam 



I LSI tS2 SOL I 



Logic ladder diagram program 

A B r I 

1 1 1 1 C }| 



Boolaan iquaten: AB»Y 



Relay ladder diagram 



Logic ladder (fiagram program 



LSI 



CR SOL 



A B Y 

HI-4h-() 



Boofean equation: ABm Y 



Relay ladder diagram 



Logic ladder c6agram program 



LSI 



LS2 



SOL 



Y 



Boottvi equation: A^^ Bm y 



LOGIC CONCEPTS ILLUSTRATONS 

Continued 



Relay ladder diagram 



Lo^ l^fdsr diagram program 



LSI 



CRl ^PL^ 



LS2 



✓ N 



HHH h-CH 

B C 



Boofean equation: {A Bi Cm Y 



Relay (adder diagram 




Logic (adder diagram program 



Boolean equation: (4 ♦ S) (C ♦ 0) - V 
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EXERCISE 

Effect of RLL Sequence In PLCs 

This logic scanning sequence can work to your advantage 
or disadvantage. 

Knowing ail this, consider the following groups of RLL 
rungs that have been entered Into a PLC. They are 
Identical, except for the order that they are placed into 
the PLC. 




If Input XO opens and clos^ several times, what would 
be the action of output Y27? 



xo 

Y27 



J 



1 



n 



o 

ERIC 




EXERCISE ( continued ) 



Now try this one, the same rungs, but in a different order. 




If input XO opens and closes several times, wiiat would 
be the action of output Y27? 



XO 

Y27 



J 



1 



n 



J 
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EXERCISE 



Exira Credit 



Try the following complex interlock circuit for extra credit. 

XI 2 

II 



xo 



.1 



XI 3 



XI 



X14 

Hh 



X2 X3 X4 



X5 



X10 X1 1 Y20 

l+lhHHMHI+iHI-HMK> 



XI 5 



X8 X7 



X18 



Xt7 



X20 



Extra Credit Exercise: For Wizards Only 

If you are the first lab team to successfully write the code, 
yell out loud, 'We are the best lab group, and the rest of 
you are losers!" 
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ENTERING A LADDER DIAGRAM 



ENTERING A LADDER DIAGRAM 



Enttrifig 
Cofitactt 



To enter/edit « contact, positioa the cursor in the input 
columns. To make the entry, use the contact function keys for the 
element type. Key in the element identifier with the numeric 
keys. If you decide not to complete a change* you can press 
Q ABORT-Ft to restore the original ladder element 

For relational contacts OesS'than, greatsr-than. <iqua!-to, and 
noc<«qual4o). use the arrow keys to position the cursor in the 
fields for making parameter entries. 

After completing tiie entry, press Q RETURN to write the contact 
to the oetwoik. 



Gntsrfng 
Coil* 



Entwrkig 



CofTvetlng 
EntriM 



To enter/edit a coll, press Q <-( )- -H. Select the coil type with 
the ftowtion keys, or key in the mnemcmic for the Mil type and 
press Q RETURN. After the coil is displayed in the output 
coitmui, key in the parameter(s). coils specifying a range of 
elements (SET, RST, etc.). use the arrow keys to p(^on the 
cursor. If you decide«oot to complete a change, press 
□ AB0RT-F1 to restore the original ladder element 

After conpleting the entry, press □ RETURN to write the coil to 
the netwcuit 

To enter/edit a box, press Q B0X-F7 (or the B hard key). 
If you do not know the mnemonic for the box type, display the 
HELP screen for a complete listing. Key in the mnemonic for die 
box type and press □ RETURN.. After the box is displayed in the 
output column, key in die parametf/s. FSor boxes, sudi as timers, 
whh parsmetei's inside the box, use the arrow k^ to move from 
fiekf to field inside the box. If you decide not to complete a 
change, you can press Q ABORT-FI to restore the original ladder 
element 

The display format of some box instructions changes when you 
are in edit mode. Ihe ISO, SG, ISL, SBR, S4T, and DLBL boxes 
are displayed on the left si the screen until you press the EOfT 
key. They are then displayed as ^gle input, singte parameter, 
output boxes on the right side of the screen. 

After completing the entry, press Q RETURN to write the box to 
the network. 

If you make an incon^ entry at a prompt line, fc^ in 
characters until the field ts overflowed. When the overflow 
occurs, the field resets. 
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ENTERING A LADDER DIAGRAM 



Invoking Edit 
Rmetlons 



To enter/edh a program, first press Q EDIT-F2 from the Ladder 
Display. Figure 6-1 illustrates the function key line available 
after you select edit mode. Use the guidelines and procedures 
given in this chapter to enter a program for the first time or to 
make changes to an existing program. 



HI- I -( I' BOX [iN SEwTI- , 



BWT 



-J C- 



'Vt- 



SPACEBAR^) 



1^ 



VIRT 



HORZO 



VERTD 



5 



OELNEIUMQUE COMnmTl FOfflUN 



I 



Enterins/Edltlng 
Bemonta 



Hie term tkment Is used in HSOFT programming to designate a 
coiiHKment used in your program. Fbr example, a coil, a timer, 
and a counter are all elements. Each element requires an UUnt^, 
which b the number diat distinguishes one element of a 
particular type from anodier, silch as XI, X2, etc. 



Making T1S0FT 
Entrios 



To aoconunodste your programming preferences, HSOFT 
provkSes different methods of making entries. You can use die 
functioo keys and step through from eleroem type (as contact) to 
type of oHitact (as I), then key in dw identifier. 

Alternately, you can position your cursor at d>e point you warn to 
add an element and key in an identifier (such as X2). The 
contact is then automatically drawn with X2 as die identifier. 
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ENTERING A LADDER DIAGRAM 



Using th« 
HELP Screen 



You can access « display listinc the valid entries for a field at 
any point with a prompt requesting an entry. For example, at the 
prompt for entering boxes, the HELP display gives a listing of 
valid box types. Figure 6-2 shows the display accessible after 
selecting BOX when entering a program. Invoke the HELP display 
by pressing SHIFT ?, 



ADO 


m. 


mm 


AOOt 


wm 




AOOO 




M 


Aooa 


Mr 


•GONr 


AND 


MV 




ANDO 


ma 






LO 


M 


•CO 


IDA 






LOO 




cv*» 

CMPO 


LAX 
MU. 


•UM 






TM 
tMU 


MO 


Oil 




Oioi 


om 




OfCO 


our 


uoe 




oure 


wr 




Gunc 




orva 




xom 




w> 






noiv 





Use the arrow keys to position the cursor on tiie box type you 
want displayed on the pnanpc line, and press Q SELECT-F8. The 
prompt line reappears with your box typie displayed. 



ENTERING A LADDER DIAGRAM 



Onwifl0 Utmi for Use HOflZ-Ft and VERT-F2 to add the connecting lines when 
Complax ftotworfct you are entering a complex networfc. You caniMC draw a 

twrizontal line in the lift cohmu of • row. With the vertical line 
key. you cannot draw a line from the first oolumn, (» the last 
row, nr 00 the top of a box. 



Drawing Use H0RZ-F1 ( or H hard key) for draving horizontal lines. The 

KerhKHttal Unoa drawing below shows positioning of the cxsrsor before ai»! after 

^ line is drawn. 



CUTMr offar pr«Mfrig HORZ-F1 (HS 



Um Drmm 



Drawing Vortical 



Yoy have two options for drawing vertical lines. You can use 
VHFrr<F2 u- the U hard key. The illustrations below show the line 
drswn with each of the keys. 



i 



Curtor ttttr 
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ENTERING A LADDER DIAGRAM 



EdKing 
Prognms 



Saving 
Edits 



InMrtlng 
Rungs 



Inserting 
Bsmsnts 



Aocesshig edit functions to make dianges to your program is 
as single as first entering the prognm. You only idd the step of 
findiiig the point in the program yots wish to edit. 

Fint, position the cursor at the point where you want changes. 
Use the FIND operation to locate the ladder address or element 
for you. 

After locating the element(s) you wish to change, access edit 
mode by pressing Q EOTT-fa from the ladder display menu. 



Since off-line and on-line edits are perfonned in the 
programming device RAM, it is advisable to save changes often 
to your program disk (off-line) or the controller (on-line). To do 
this, ^css □ WRrroK-F8 (off-line) or Q WRTTPOFS (on-line) 
from the ladder display menu. 



To insert a blank rung in a display, use 1NSEAT-F8 available in 
the edit mode function keys. The drawing below illustrates the 
new rung displayed after presslitg INSERT. 



tkMiQ and euner Man p r atii ng Fl-WSERT: 



Hung tftar pr— Ung Fj-WSgRT! {Pn^om twQ mawtf Oam and r>nw T * f d .| 



To insert an element ia ta existing network, use the insert 
hsnt key. After you press the insert hard key. you have available 

V-F2 and OOUJMH^ to insert space for elements. The 
iUustratioRS below show an example of how the inserts are made. 






S3 



ENTERING A bXDDER DIAGRAM 




Ruig t2 mmr grmUnq CCJ^W^? (or UP Anrew): 

0 




■OCNT- 



COlUMN-ra. 



EMetIng Uxmn 
and Elemwntt 



To delete lines and elements from your ladder program, use the 
H0RZD-F3 and VERT£VF4 keys on die edit function key line. The 
figures below illustrate horizontal and vertical line deletes. If you 
are deleting an elemoit, pla^ the cursor on the element and 
press □ HORZD^ To delete an entire network, position the 
cursor on the nctworis, and press Q DELNET-F5. 



r 




H0ftZ0-f3 {orNtMrttay). 



t 



■ Cmor bsfor* pr—atno VERTD-M (or M). 



•ftor prM^ VEHTD-R (or M). 
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BASIC PRINCIPLES OF OPERATION 



PROCESSORS, POWER SUPPLY 

SYSTEM, AND 
PROGRAMMING DEVICES 



Processor 

CPU 



The "Brains'* of the system. 

Consists of: 

Microprocessor 
User memory 
Power supply 
Communication Interface 
I/O Interface 



b7 



Central Processing Unit (CPU) 



E>eelsIon 


User 


Making 


Memory 




1. Decislans to be made 




2. ftocess ktfonnatlon 



The Ceatral Aoeesdng Vnlt has two mijor ftmctiooil tecfions to a flC tser. 

• Jkcisian Making Section Makes dedsions based on the lignals tecdved frcan 
the inputs. These decisions are totally cootroSed by the user. 



• Vser Memory -> Section diat sts»es two l^pes of user mfonnation: 
3} lastnictioas necessary to make the decisions 
2) Process or application depemlent htfonnation 




I 
I 
I 



BASIC PRINCIPLES OF OPERATION 



Subsystems, Error Checking, Diagnostics 

• Subsystem Communication 

- Data transfer at the end of each program scan 

- Distance between CPU and subsystem may 
reach 15,000 feet 

- Media may be twisted pair, coax or fiber 

- Nomrafiy incorporate error checicing between 
processor and subsystem 

* Error Checidng 

- Monitor status of memory, communications 
and processor operation 

- Common methods: Parity ( VRC ) 



• CPU Diagnostics 

- Processor perfonns error checks and signaling 
during its operation 

- Typical diagnostics are power supply OK, 
processor OK, memory OK, battery OK 



Checksum ( CRC, LRC ) 



i 
I 
I 



I 

I 





BASIC PRINCIPLES OF OPERATION 



The System Power Supply 

• Snput Voltage 

- Usually AC(120or220), could be DC(24V) 
' Tolerates 10-15% variation in line conditions 

- Use constant voltage transformer for unstable 
line voltage 

- Use lsc)iation transformers in high EMI areas 

- Loading Considerations 

- Each power supply can provide a maximum 
current at a given voltage 

- Undercunrent situations result in unpredictable 
operation of the I/O system ( module cunrent 
requirements ) 

- Overload conditions are usually a function of 
the combination of outputs that are ON at a 
given time 



• Provides power to the: CPU 

Base 

Input Modules 
Output Modules 
Handhela Programmer 



• Care must be taken to size the power supply to 
handle the required modules 



111) 



TYPICAL COMPONENT 
POWER REQUIREMENTS 



Powtr Suppflttf (mA) 

CFUt 

42S CPU «ifth AC Powvr Suwiy* 

(Indudtt 3.SK mara$ 01 progrAm RAMI S700 
435 CPU wfth AC Powtr Supply* iMmory e<rtrMg«) 3700 

Ekpftntton &M(tt 

Ex^n^ unit wfth powtr Mfipfyt 4000 



Power R«qulr«d CtiA) 

Bat«s 



4 Sot Bait wfth axpanclon 


80 


6 Sot Suo wfth oxpantten 


80 


0 Sot Bato wttfi oxpaniien 


8C 


4 Slot Bata without a>tpanrion 


80 


6 Slot Bata without axpansion 


80 


8 Slot Basa wfthoui uxpinton 


80 


DC Input Modulaa 




24/48 VDC liput modiit. 8 pofnti loflie} 


100 


12/24 VDC input mocUa. 16 pointa (- to^) 


150 


12/24 VOC/AC input modda. 18 pointa 


ISO 


AC Input Modulaa 




110/220 VAC input moAia. 8 pointa 


100 


110 VAC input nKXhM, 16 points 


ISO 


DC Output Modulaa 




12/24 VDC ititput nwdiia. 8 pointa. 2A (- togle) 


ISO 


12/24 VDC output modUia. 16 pointa 0.5A (- logte) 


200 


12/24 VDC output moduf, 16 poMt. O.SA (♦ fcffitc) 


350 


AC Output Modulaa 




110/220 VAC output. 8 points. 2A 


250 


110/220 VAC output. 16 pointa. O.SA 


450 


Ralay Output Modulaa 




May output modila. 8 pobitt. 2A 


550 


Ralay output moduta. 16 points. 1A 


1000 


Programming 




IMaehina Intarfaca Unit (indudat PROM bi.mar) 


320 


(963 mA to wrfta EPROM} 





1. Thasa davleas can «tfto prevlda powar to axtamal davfeat (24 VDC ® 400 mA). 
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SImpSe Discrete Control 




To understand she discrete control of • progrunfflabls controller, consider an example 
where a toggle switch controls a lan^, ON and OFF. 

• When the toggle switch is dosed, the lamp ts ON. 

• When the toggle switch is open, the lamp is OFF. 

(Granted, a circuit diis simple would not require a programmable controller, but this is 
for instructional purposes!) 




input Hardware 

{nput Modulh 



RTN 



Supply 



X006 
O- 



AAr 



o 

status Indicator 



C^tic Coupler 



J 




+5V 



SIgna! 
to CPU 



Consider when the trggle switch is open, an electrir'il circuit is open. 

Based on hardware and software configuration, the sigrai wire attached to the PLC is 
designated "X" and a number. 

Example: X006 

A sensor in the Input Module detects the open circuit and ptrforms 2 actions: 

1 Turns off a status lamp indicator on the module. 

2 Changes the signal volfage levels from industrial strength (ex: 24 VDC, 230 
VAC. etc.) to safe DC levels that the CPU can tolerate (ex: 4-5 VDC. etc.). 

An Optic Coupler is used to isolate the CPU from hostile field voltages on tlie input wires. 



The Signal Moves to CPU User Memory 

IR CPU 




iR Location 



Since the input module has detected that the field device is open» the status of the 
device moves to a special memory location in the CPU that is dedicated to that input 
point. 

No other input point can interfere with this one-bit memory location. 

This memory is called linage Register (IR) in T.I. Progranunable Controllers. 

There is a one-bit memory location for every discrete input used in a 'fl PLC. 



The Story Continues 




RLL (Relay Ladder Logic) is the language most often used in a PLC. 

This language evolved from relay replacement applications for progiammable 
controllers and was designed to work as much like the electromechanical devices as 
possible. 

Symbols of N.O. (Normally Open) or N.C. (Normally Closed), used in RLL, arc very 
close to standard detached THF.F electrical schematic symbols. 

RLL resides in a special user memory called h Memory. 




I^PUT 

MODULE 



How Simple RLL Inputs Work 

iR CPU 





0 




21 



X006 



L Memory 
X006 



o 



Electromechanical Analogy: iR 3it - Relay Coil 

LI 

CR5-t 



L2 



CR5 Coil 



TS006 



If the PLC user has an electromechanical background, a strong analogy can be made. 

For example the N.O. contact can be designated in soft^^ ve as an "X006.'* This 
contact can be thought to open or close as in electromechanical relays. To open or 
close, a relay contact must have a coil. 

It's easiest to think of the X006 IR bit as the coil of the relay. 

In this example, since: 

The toggle switch is OPEN, 

There is a **0" in the X006 IR bit 

So the N.O. software contact can be said to be OPEN. 




How Simple RLL Inputs Work (continued) 




As with relays, if the control contact is open, the coil in software (VOU) is OFF or 
DOWN. 

This is reflected agaiii in an IR bit that is unique to the output of the PLC, YOll. 

Once the output IR contains a bit, "0" or "r, this is a •'command'* to :he output 
module 'lardware to switch through or not switch through a field potential to a load. 

In this example, a "0** to YOll commands the lamp OFF. 

As with the input module, the output module isolates the hostile field voltage from the 
milder CPU logic veltage. 
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Try it Again 



input 
Module 




CPU 



L Memory 



X006 Y011 



Closed 



CN 



Output 
Module 




Consider the same signal flow with the toggle switch in the closed position. 

NOTE: Toggl* Switch • cloitd 

input indicator « on 

XOOSIRBit » 1 

X006 RU. N.O. Contact - el08«d 

Y011 RUColl - on 

Y011 IR Bit > 1 

Output indicator « on 

Lamp " on 
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A NOT In the Tale 




Consider a scenario again with the t ggle switch OPEN, but this time with some added 
software. 

Another "rung- of ladder logic has been added. This addition uses the RLL version of 
an N.C. (Normally Closed) contact. The state of this N.C. contact, since it is still 
referred to as X006, is still dependent on the IR bit: 

In this example, since: 

The toggle switch is OPEN, there is a in the X006 IR bit 

So the N.O. software contact is said to be OPEN, and YOll -0 

So the N.C. software contact is said to be CLOSED, and Y012 » 1 

N.C. software contacts in RLL are often referred to as "NOTted** contacts, which 
means they will be in the opposite sta^e of the image register. 




Try It Again 



input 
Module 



CPU 



L Memory 



Output 
Module 




X006 ^01^ 
Closed ^Otf 




Open 



X006 Y012 

-a — O 



OFF 




Consider the same signal flow with the toggle switch in the CLOSED position- 
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Time Becomes a Dimension 

Logic 




Programmable Controllers often control expensive and sometimes dangerous 
applications. 

AltiiOugh an R2X program can be written incorrectly and cause damage to a process, 
PLC manufacturers engineer in a time management system that prevents software from 
"Getting Stuck In A Loop". 

This system also detects almost any type of CPU hardware problem and causes the 
CPU to shut down to a SAFE STATE. (Discrete Outputs » OFF, Analog Outputs - 0.) 

This time management system is called PLC Scan Hme. 

It is comprised of 3 major segments of time: 

• Logic Execution 

• I/O Update 

• Communications and Diagnostics 
This cycle repeats. 



PLC Scan Operation 




10 to 700 scans each second 



Scan Time vs. Data Flow 




CommunlcatSont 
and 
Dlagnotliet 

1 

To properly use programmable controHers. scan time must be understood and applied 
to discrete data flow through a programmable controller: 

1 Status of the field device is brought into the input section of image register. 

2 RLL is executed — software contact? are tested for OPEN or CLOSED. 

— software ou^uts respond to logic; 1 or 0 to output JR. 

3 Output section of image register •'commands** the output module to turn on or 
turn off the associated field device. 

Scan time is measured in milliseconds. 

Scan time varies with different models of programmable controllers in different 
applications. 



PLC Scan Time 



LOGIC 



I/O 

UPDATE i COMM I tOGlC 



uo 

UPOATi 



COMM I LOGIC 



\/0 
UPDATE 



X008 « 1 Logic Exec. 



Lamp Turns On 



o 



© © 



One Scan 



Best Case 

Turn-on Time « One Scan 



LOGIC 



I/O 
UPDATE 



COMM I LOGIC 



I/O 
UPDATE 



COMM I LOGIC 



I/O 
UPDATE 



006 - 1 



O 



Lamp Turns On 
logic Ex60. 

© © 



Two Scans 

Worst Case 

Turn-on Time = Approximately Two Scans 
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Why Concern for PLC Scan Time? 




In most cases, the common PLC scan is fast enough because the typical range of 
scan times is from 3-5 milliseconds (ms). (Ladder logic can be executed as fast as 
0.49 ms/K words of RLL.) 

In some applications, the concern about PLC scan time is whether or not the PLC is 
fast enough for the application or process involved. 

Consider an extreme example where scan time may be too slow. 

If cans were zipping along a conveyor line at a very fast pace of 100 cans per second, 
then the PLC scan time required to count a can would have to be less than 10 ms 
(i.e., 100 cans per sec. • 10 ms/can). 

Any scan time longer than 10 ms would cause the PLC to miss counting some of the 
cans. 
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EXERCISE 

Relay Circuits 

Relay schematics are drawn to show electrical control, 
but the order in which the relay ladder rungs are put 
down on paper does not change the control logic. 

The order of control logic is significant in a PLC. 

Consider the following relay rungs as they are documented 
for an electromechnicai relay control circuit ( not a PLC ). 



VJO 



Relay Control Circuit #1 

1 . What would happen to the coils if the nomiaily open 
contact, XO, Is closed? 



2. What would the timing be on the coil energizing? 
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EXERCISE 



Now consider the following relay rungs. They are still 
documented for an electromechanical relay control 
circuit ( not a PLC ). 



Y20 



VZ2 



O- 



V70 



Relay ControS Ctrcuit #2 

1 . What would happen to the coiis if the normaiiy open 
contact, XO, is closed? 



Z What would the timing be on the coif energizing? 
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EXERCISE 



RU In a PLC 



In a PLC, relay ladder logic schematics are drawn to show 
logical control. Now the order In which the relay ladder 
rungs are put down on paper can change the control logic. 

The order of control logic is significant in a PLC. 

Consider the following relay mngs as they are documented 
and entered into a PLC. 




Relay Ladder Logic #1 

1 . What would happen to the coils if the normally open 
(^^ttact, XO. is closed? 

2. What would the timing be on the coil energizing? 




EXERCISE 



Now consider the following rungs. They are stiii 
documented and entered into a PLC. 




Relay Ladder Logic #2 

1 . What would happen to the coils if the normaffy open 
contact, XO, Is closed? 



2. What would the timing be on the coil energizing? 



simple Analog Control 





The flow of analog control is very much like the flow of discrete control in a PLC. 

Instead of servicing one bit at a time, as in discrete, analog signals are handled in 
groups of 12 bits. 

Generally, the signal begins in the process at the primary clement tied to some type of 
electrical transmitter. 

A varying electrical signal is transmitted to an Analog Input module. 

Based on hardware and software configuration, the signal wire attached to the PLC is 
designated as the first address of a contiguous block of 12 discrete inputs. 
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Analog Signal Is Digitized 




The Input Module converts this varying electrical signal to an integer value. 

This is an Analog-to-Digital (A/D) conversion because a PLC must store an integer as 
a binary number. 

This integer value is retained in the Analog Input Module until the CPU of the PLC 
does the input portion of an I/O update. 
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User Software Aga!n Takes Over 



Level 
Transmitter 



1000 
liters 




Analog 
Input 
Module 




CPU 



L Memory 




The integer representation of the analog signal is stored in a group of 12 contiguous* 
discrete image register bits. 

The CPU and I/O system hardware controls getting the analog data to 12 input bits. 

Now the various types of RIX, or comparable software, take die analog value and 
perform all the necessary tasks upon this data: 

Absolute Alarm Checking 
Deviation Alarm Checking 
etc. 
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Analog Output Control 



WX53 



Analog 
Input 
Module 




Analog 
Output 
Module 



CPU 



L Memory 





If controlling an analog output is the goal of a user software package, then the 
software is written to deposit an integer value in 12 discrete output locations. 

CPU and I/O system hardware take over and use the integer value to "command" an 
Analog Output Module to control an analog field device. 

The Analog Output Module changes the integer in a Dlgital-to-Analog (D/A) conversion 
and passes this analog electrical signal to an appropriate field device. 

Example: VP Transducer 



THE MEMORY SYSTEM 

AND 
I/O INTERACTION 
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Memory 



Addrass 
or 

Location 







1 


0101 


2 


C3P0 


3 


YODA 


4 





Data 



Electronic memoriet^ — Places in an electronic device that store information for 
possible use at a fuCire time. 

Memory consists of tvvo major parts: 

• Address or Location — A place in the memory to store information. 

An address is a term that actually means the storage number of the location 
where the information is kept, but the two words are used interchangeably. 

• Data ~ Informatim stored at any address. In a PLC this could be process 
dependent information or RLL program instructions. 
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MEMORY TYPES 

1. RAM - RANDOM ACCESS MEMORY 

- Used for Volatile Memory 

- Runs Application Software 

- Sometimes Battery Backed to Store: 

• Clock 

• Date 

• System Information 

- Drive Types 

- Configurations 

-DRAM - Dynamic RAM 
-SRAM - Static RAM 

- VRAM - Video RAM 
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ReadyWrite Memory 



Wma Data In 



RAM 



Read Data Out 



Address 



Handom Access Memoxy (BAM) ~ litaaUy means a memofy where data can be 
accessed at any address without having to read a number of se q uential addresses. 

Random Access Memory (RAM) — Today means a memory where data can be read from 
and written to storage locations. 

ReadAlVriie Memory " Today means the same as RAM. 

• Advantage — RAM allows the user to custt>mize the decision making of the PLC 
quickiy to adjust to the dianging needs of the application. 

• Disadvantage ^ RAM is volatile memoiy. which means a complete loss of power 
causes a loss of the program that may be stored in the RAM. 

• Battery Back-up — Is required to avoid losing program and process data in the 
event of power loss. 
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MEMORY TYPES Continued 

2. EPROM - ERASABLE PROGRAMMABLE 
READ ONLY MEMORY 

- Used for Non-Volatile Memory 

- Must be burned in with a Prom Burner 

- Stores Basic Input/Output System (BIOS) 

- Used to Store Permanent Applications Software 
on diskless PC's or SBC - Single Board Computers 

- Can only be erased with U.V. light 

3. EE PROM - ELECTRICAL ERASABLE 
PROGRAMMABLE READ ONLY MEMORY 

- Same as EPROM except chip can be programmed 
and erased on board with software commands 

from the controller 
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Memory Size 



1 K Memory 



1 K Memofy 



1 K Memoiy 





1 Word 

2 Words 
swords 



1024 Words 



The size of memory is measured in IT of memory. K is short for '^KUo.' 
When talking about computer memories: 

IK does not mean 1000, 

IK means 1024 
A IK memory refers to 1024 locations in memory. 
These can be bits, bytes or words, depending on the memory type. 
So. a 4K memory could be 4096 bits, or 4096 bytes, or 4096 words, etc. 



TI MEMORY MAP 
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Tlnw - T« 



GNTi 
PRE: 



Octal 

SuaoSQ^ Mumbtrtnq 
128 T0-Tt77 



128 CT0-CT177 



V01400 



Svttrnn 
V074OO 



b^puts/Outputi 

m ox 



inputs 
X 



y 
<> 



O 







001 





T: 



Countar Raisys 

CT; 
-I h- 



SpKial ^ay* 



320 X0-X477 

320 Y0-Y477 

480 CR0-CR737 

384 S0-S577 

128 T0-T177 

128 CT0-CT177 



96 SP0-SP137 
192 SP320-SP617 



V Memory 

Octal Word Addresa 

V00000-V00177 



VOIO00-VO11T7 



3072 V01400-V07377 V01400-V073r7 
256 V07400-V07777 V07400-V07777 
512 GX0-QX777 V40000-V40037 




V40400-V40423 



V40500-V40523 



V40600-V4063S 



V4 1000- V4 1027 



V41100-V4U07 



V41140-V41147 



V41200-V4120S 
V4121S-V41230 
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Selecting Equipment Pretest 

1 . What do i need to know about controlling 4 toggle 
switches and 4 pushbuttons to select the correct module? 

a. Input impedance 

b. ON-state voltage drop 

c. OFF-state current leakage 

d. Input voltage 

e. i have no ideal 

2. Why might the leakage current specification be an 
important consideration when selecting an output 
module? 

a. Certain process operations cannot tolerate 
any leakage 

b. Neon status lamps might stay half-lit on the 
Off state 

c. When isolation of wiring to field devices is required 

d. I have no ideal 

3. What might happen if temperatures in a PLC enclosure 
regularly exceed the recommended maximum? 

a. One or more modules might fail prematurely 

b. CPU shuts down noncritical outputs to keep 
modules within specified operating ranges 

c. MIU displays an ASCII warning message to the 
operator 

d. I have no ideal 
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Pretest ( continued ) 

4. Which module is required to drive a 4-digit BCD display? 

a. Data Communications Module 

b. A 16-point discrete output module 

c. ASCII/BASIC module 

d. Interrupt Input module 

e. I have not Ideal 

5. Which of the following devices provides a way to store 
programs safely? 

a. EPROM cartndge 

b. CMOS RAM cartridge 

c. Data Communications Module 

d. Cryonic Storage Refrigerator Unit 

e. I have no ideal 

6. What electrical signal is provided by an analog output 
module to control the flow of liquid? 

a. 10 -50 V 

b. 0-5mA 

c. 4 -20 mA 

d. I have no ideal 
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DISCRETE INPUT/OUTPUT 
SYSTEMS 



DISCRETE INPUT/OUTPUT SYSTEMS 



• I/O Rack Enclosures and Table Mapping 

• Remote I/O Systems 

• Discrete Inputs 

• Discrete Outputs 

• Interpreting I/O Specifications 
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DISCRETE I/O SYSTEMS 



• I/O RACK ENCLOSURES 
Master Rack 

- Contains CPU and possibly I/O modules 

- CPU for entire system 

Local Rack 

- Contains local I/O processor and I/O modules 

- Same location as Master Rack 

- Local I/O processor ( if not Master ) 
receives and sends data to/from CPU 

- I/O addresses mapped to the I/O table 

Remote Rack 

- Located away from the CPU 

- Remote I/O processor and I/O modules 

- I/O addresses mapped to the I/O table 
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DISCRETE I/O SYSTEM 



• I/O TABLE MAPPING 

- Racks emphasize physical location and type 
of processor 

- Table mapping emphasizes addresses used 
to reference all I/O modules 

- Factors which determine address: 

Type of Module 
Rack Number 
Slot Number 
Terminal Number 



DISCRETE I/O SYSTEMS 



REMOTE I/O SYSTEMS 

• CHARACTERISTICS 

- Rack-Type enclosure located remotely 
from CPU 

- Power supply, communications, and 
I/O capability 

- High speed ( up to 1 M band ) communication 
to CPU 

- Discrete, analog, and special function I/O 

• Topology 

- Daisy Chain 

- Star 

- Multidrop (bus) 

• Justification 

- Save on wiring materials and labor costs 
' Start up subsystems independently 

- Perform maintenance on individual 
subsystems 

- Simplify trouble-shooting 




DISCRETE I/O SYSTEMS 



Discrete Inputs 

• Characteristics 

- ON/OFF, Open/Closed, Switch closure equivalent 

• Operation 

• Input power from back plane of rack or base 

- Signal from input field devices 

• Examples 

- Pushbuttons - Photoelectric eyes 

- Limit switches - Relay contacts 

- Selector switches - Circuit breakers 

- Proximity switches - Motor starter contacts 

- Level switches - Thumbwheel switches 

• Power 

- 24, 48, 120, 230 Volts, AC or DC, TTL. Isolated, 
Non-voltage. 5-50 Volts DC ( sink/source ) 



DISCRETE I/O SYSTEMS 

Discrete Outputs 

• AC Outputs 

- Logic section 

- Power section and switching circuit 

- Triac or SCR to switch the power 

• DC Outputs ( sink/source ) 

- Similar to AC Outputs 

- Power circuit uses power transistor to switch load 

- Sink: current form the ioad flows into the module 

- Source: current flows from module, switching the 
positive voltage to the load 
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DISCRETE I/O SYSTEMS 



Discrete Outputs 

• isolated Outputs ( AC and DC ) 

• Each output has its own return fine ( common ) 

isolated from the other outputs 
- Allows control of outputs powered by different 

source 



AC 

LI LI LI 
ABC 



AC 

L2 L2 L2 
ABC 



DISCRETE I/O SYSTEMS 

Discrete Outputs 

• TTL Outputs 

- Seven-segment LED displays 

- Integrated circuits 

- Various 5 VDC devices 

- Generally require external 5 VDC power supply 

• Register or BCD Outputs 

- Multi-bit interface 

- Provides parallel communication between the 
processor and an output device 

- 5 to 30 VDC and low current requirements 

- May have multiplexing capabilities 
( for passive devices ) 

' Contact Outputs 

- Allow output devices to be switched by a N.O. 
or N.C. relay contact 
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DISCRETE I/O SYSTEMS 



Interpreting I/O Specifications 

• Specifications 

- Define moduie capabilities and limitations 

- Define field equipment which module can operate 

• Electrical 

- input Voltage Rating or Range 

e.g. 120 VAC ± 10% => 108 to 132 VAC 

- Input Cun'ent Rating 

May appear indirectly as minimum power 
requirement 

- Input Threshold Voltage 

Voiatge at which input is absolutely ON 

- Input Delay 

Duration of input signal in ON state in order to 
be recognized ( 9-25 msec for AC/DC inputs ) 

- Output Voltage Rating or Range 

Typically ±10% to 15% 

- Output Current Rating or ON-State Continuous 
Current Rating 

Maximum current that single circuit can safely 
carry under load ( at specified temperature ) 
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DISCRETE I/O SYSTEMS 

Interpreting I/O Specifications 

• Electrical ( continued ) 

- Output Power Rating 

Maximum total power that output module 
can dissipate with ail circuits energized 

Verify rating for individual output when ali 
other outputs are energized with manufacture 

- Current Requirements 

Cunent demand that I/O module places 
on system power supply 

- Surge Current ( max ) 

E)efines maximum cunent and duration 
( e.g. 20 Amps at 0.1 sec ) 

- Off State Leakage Current 

Maximum value of current that flows through 
triac/translstor in OFr' state 

- Output ON-Delay 

Response time for OFF to ON transition after 
command to turn ON is received 
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DISCRETE I/O SYSTEMS 

Interpreting I/O Specifications 

• Electrical ( continued ) 

- Output OFF-Delay 

Response time for ON to OFF transition after 
OFF command is received from logic 

- Electrical Isolation 

isolation in volts between I/O circuit and 
module logic circuitry. Protects logic circuits, 
but power circuitry of tlie module may be 
damaged 

• Mechanical 

- Points Per Module 

Number of input or output circuits on a 
single module 

- Wire Size 

Number of conductors and largest wire 
gauge that I/O terminations will accept 
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DISCRETE I/O SYSTEMS 



Interpreting I/O Spedfications 

• Environmental 

- Ambient Temperature 

Maximum temperature of air surrounding 
I/O system for best operating conditions. 
Should not be exceeded 



Humidity Rating 

Humidity may cause circuit failure if moisture 
is allowed to condense on PC boards 
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TYPICAL DISCRETE INPUT MODULE 
SPECIFICATIONS 



Sp«e!fieaUonf 


II-85N 


U-SON 


li-55N 


t2-2< VDC lnpu< 
fNagatlva toQie} 


a4-4a VDC Input 
(tsoiatad) 


12^4 VACnmC Input 


Cireurtt par moAAi 


It 


• 


If 


Conwnont p«r medii* 


2 


t 


2 


Normal Input vottao* fang* 


10.2*3S.4 VDC 


2042.tVDC 


io.2<2i.4 v/iciymc 


AC (raquancy 


N/A 


N/A 


47-43 Kz 


Maximum mput voluge 


26.4 VDC 


fi.tVDC 


37.9VAC/VDC 


Input ewTHit 


S.t mA (12 V) 


tmA(24y) 


S.i mA (12 V) 


•.SfflA (24 V) 


10 mA (4tV) 


i.9 mA (24 V) 


Input MftcMng eharaetsrMoa 


•.S V 


>» V 


f.SV 


ONiavai 




4.0 V 


<7V 


9.0 V 


OFF to ON fMponM 


1-7 ma 


S-IOma 


S-«Onia 


ON to OFF racpoHM 


S-12ma 


S-12ma 


10-SOma 


Statui kMfleator 


Logie akSa 


Logle akta 


loc^aida 


Maxtmun OFF ptfrmt 


1.5 mA 


I.SmA 


I.SmA 


Mnimm ON ownnt 


S.SmA 


S.SmA 


4.0 mA 


Intamat pewar cenaunption (max.) 






ISOmA 


• ♦8 V 


150 mA 


100 mA 


Waight 


250g 


2$0g 


250g 


fUmovabta connactor 


Yaa 


Yaa 


Vaa 


Tanrtparati«« daratine 


No 


No 


No 


Spseifieatlont 




U-20N 


ll*25N 




111 mo VAC Input 


lit VAC tr^ut 



OrcuHt p«r mo^ 
Commons par modUio 
Normal input noiug* rmg* 
AC froquoney 
Maximum Input ¥ort«o« 
kiput currant 

Input Mftefyng eliaractanttiot 
ON laval 
OFF laval 

OFF to ON ratponaa 

ON to OFF ratponaa 
Statia Intfeator 

Maximum OFF currant 

Minimum ON eunram 

intama) currant oonaianpClDn (max.l 

fi^ ♦$ V 
WalQht 

Ramovabia co nr>ac to r 
Tamparatura daratlng 



§ 

2 

•MiS VAC 
47-93 HZ 
285 VAC 
rSmA {lOOV.MHil 
20 mA (230 V. SO He) 

>TOV 
<90 V 
S-30ma 
10-50 ma 
Lo^aida 
2mA 
ftmA 

IQOmA 
240g 
Yaa 

No 



If 

2 

10-1S2VAC 
47-13 H2 
1S2VAC 
12«SmA(100V*tOKl} 
14.SmA(1l$V, lOHx) 

>70V 
^V 

1D*S0mt 
LogfctMa 
?mA 
7mA 

ISOmA 
2709 
Yat 

No 
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TYPICAL DISCRETE OUTPUT MODULE 

SPECIRCATIONS 



SpMlficaliofit 


IMIIT 
ftolty Oii^iit 


IMJST 
IMcyOMpiit 


U-12T 
12/24 VDC Output 
Cfi«s«ttv« toflie. 
tMUog) 


U-S5T 
12/24 VOC Output 

ffMreIng) 


Ou(puifyp9 




N. v. flMy 


WWOg rsT 


NPN 


GrcMiis ptr modUla 


i 


Iff 


■ 


10 


Convnons pif iviodMI# 








2 




•-250VAC 


S^VAC 


10.2«29.4 VPC 


10.2-21,4 VOC 


VDC 


t-aovDc 








SiSVAC 


StSVAC 


40V 


40 VOC 




t A 


1 A 


2 A 


0.5 A 




8 A/oQUvnon 


9 A/convnofi 


5 A/oonvim 


2 A/ooffVfiofi 




9.1 mA • 


9.1 mA • 


O.t mAOl 


0.1mA 


ON ¥altag« Aisp 


2fSVAC 


2CSVAC 


40 VDC 


• 40 VDC 


N/A 


N/A 


o.iv«aA 


1.fV«0.SA 


Simatati rmnviwiM toad 


• inA« 


f mAC 


0.2 mA« 


9.2inA« 




• VDC 


• VSC 


f VDC 


SVDC 


lto*T«aii ftvutfi 


lA 


4A 


• Afar 100 ma 


1 A •» 100 ff» 








ia A tar to mff 


2Aflr 10 m* 


OFF !• ON fMponM 


12 im 


10 ma 


1 ftm 


Ima 


ON to OFF fMponM 


12 ma 


10 ma 


lim 


iRW 


Stctua ifKiesior 






Logfe ¥Clm 


Logic Ma 




2«tA 


2«8A 


2«7A 


2CSA 




m 


Ha 


N9 


No 


Intamal ounwit eofwmdon (ffw 


X.) 










880 mA 


1000 mA 


150 mA 


SSOmA 




2809 


SfOg 


2400 


2809 


Vr« 


Vm 


Vm 


Ym 


T«mp«rttur« tftrstlnq 




No 


Ho 


Vm 


Cxtamal po««r •ocm fiqpAvd 


•to 


•to 


MmA mtx9 


No 








21.4 VDC 




SsiwJfleattoni 


ll>1ST 




U-IOT 


U-3ST 



24 VOC Output 



111/230 VAC Output 



€Xitputtyp« 

Clrc44tt par modiia 
Ccmmofw par mocUa 
Opanitmo tfoltapa 
Ptak woUaga 

iUximum Gunant (raaMM) 



Maxhun laalttga MTant 
ON vQftaQa Aisp 
Smaiait raeommanOad laatf 
UMxkftm irwtah 

OFF to ON ratponaa 
ON to OFF ratpooaa 
Stitim indtoatar 
Imtmal taaa 
AapiaeaaMa tataa 
MamaiCtfTani 



Tafnparstura dtratino 
Extamai powar aoireo 



IVi 81 

OpotsoBkCot 
2 

4.»<».4VDC 
40 V 
0.8 A 
2 A/oonvnon 
0.1 mA • 40 VDC 
e.SV«O.SA 
0.2 mA 
1 Afor lOOma 
2 A tar to ma 
04 ma 
O.f ma 
Logfoikia 
2«f A 



200 mA 
2700 
Yaa 
No 

12SmAC24VOC 



SSR 

i 

2 

18-285 VAC 
HSV 
2A 

0 A/commoit 
• mA # 285 VAC 
1.5V«2A 
10 mA • IS V 
10 A tar 100 ma 
SOAtor lOma 
1 ma 

1ma«1/2cyeto 
Lo<^iiito 
2«8A 
•to 

^mA 
2900 
Yaa 
Vaa 
fto 



118/230 VAC Output 



SSR 

18 

2 

18-285 VAC 
288 VAC 
0.8 A 
8 A/Common 
4 mA • 2M VAC 
1.8 V^O.SA 
10 mA • IS V 
10 A tar 100 nw 
18 A «ar10 ma 
Ima 

1 ffli «• 1/2 cyda 
togteaida 
2«S A 
No 

450 mA 
SSOg 
Ym 
Ym 

No 
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Planning and Documenting Installation 

Pretest 



1 . Under what circumstances might humidity be a 
concern In a PLC installation? 

a. When there is condensation 

b. When the humidity level goes beiow 20% 

c. When the humidity level is between 75% and 85% 

d. When the humidi^ level cannot be measured 

e. I have no idea! 

2. In an octal numbering system, the number that follows 
77 is: 

a. 78 

b. 80 

c. 100 

d. 101 

e. I have no idea! 

3. If you are using a TI435 CPU, what component must 
be installed to run an application? 

a. Memory cartridge 

b. TISOFT 

c. Machine Interface Unit 

d. Floppy disk drive 

e. i have no idea! 







Pretest ( continued ) 



4. What is the maximum distance that a remote I/O base 
can be located from the local CPU base in a Series 405 
system? 

a 100 meters 

b. 1000 meters 

c. 1000 feet 

d. 10,000 feet 

e. I have no ideal 

5. How does a typical Machine Interface Unit communicate 
with the CPU? 

a. Through a 15-pln cable 

b. Through a standard 9-pln RS-422 cable 

c. Through a noise-free fiber-optic link 

d. I have no ideal 

6. What is the minimum memory required on your personal 
computer to run typical PLC programming software? 

a. A minimum of 5.1 2 kilobytes of RAM 

b. A minimum of 5 Megabytes of RAM 

c. A minimum of 512 kilobytes of RAM 

d. A minimum of 512 kilobytes of ROM 

e. I have no ideal 




Pretest ( continued ) 



7. WhatisAUTOEXEC.BAT? 

a. A speciai batch file in a computer operating 
system 

b. A data file in which TISOFT stores user RLL 
programs 

c. A baseball device for a car company vice president 

d. I have no ideal 

8. What is the recommended method of rebooting a 
personal computer with minimum stress on electronic 
components? 

a. Turn power OFF, then ON again 

b. Unplug the system unit, then plug it in again 

c. Press the keyboard keys: <Gtrl> <Alt> <Del> 

d. Punt it, don' t place kick it 

e. i have no ideal 

9. What module would you use to communicate with a 
pulse encoder? 

a. Interrupt Input module 

b. High-Speed Counter module 

c. Analog Input module 

d. A heart rate monitor 

e. I have no ideal 




Pretest ( continued ) 

10. What hardware components are required to 
configure a typical remote I/O system? 

a. Data Communications module and a host 
computer 

b. Data Communications module and a CPU module 
in each remote base 

c. A module in the CPU base and a remote interface 
module in each remote base 

d. I have no ideal 

1 1 . How can I/O numbers be assigned? 

a. In a numerical count, starting nearest the CPU 
with a count of 1 and counting up 

b. In byte boundaries, automatically or manually 

c. Automatically, but not manually 

d. Manually, but not automatically 

e. This is a trick question - I/O numbers are fixed 
by I/O slot 

f. Varies by manufacturer 

12. Which module is required to drive a 4-digit BCD display? 

a. Data Communications module 

b. A 1 6-point discrete output module 

c. An analog output module 

d. Link Interface Controller module 

e. t have no ideal 
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Pretest ( continued ) 

1 3. How much vertical space should typically be allowed 
between I/O bases in an enclosure installation? 

a. 2 inches 

b. 4 inches 

c. 6 inches 

d. No space required 

e. i have no ideal 



1 4. Which DOS command creates a subdirectory called 
Fred? 



a. DIR/CFRED 

b. CD FRED 

c. MDFRED 

d. OR FRED 

e. i have no ideal 



1 5. Which DOS command would copy files from a C: drive 
to A: drive? 



a. COPYA:*.*C: 

b. COPYC:*.*A: 

c. EDUNA:*.*G: 

d. CDA:**C: 

e. CDC:*.*A: 

f. I have no ideal 
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Pretest ( continued ) 

1 6. To find the names of the directories on a disk with DOS, 
type: 

a. TREE 

b. FORMAT 

c. DISP* 

d. DSP* 

e. DISPDIR 

f. I have no ideal 

1 7. If you suspect hot spots on your PLC enclosure, where 
should temperature measurements be taken to see if it is 
within specifications? 

a. Measure 2" ( 5 cm ) above the modules 

b. Measure 6** ( 1 5 cm ) above the modules 

c. Measure between the modules 

d. Place a can of soup on the modules for 
7 minutes and test by drinking 

e. i have no idea! 

1 8. Which two items below should be powered down 
before removing an I/O module? 

a. I/O base and field power for ail points on module 

b. CPU memory cartridge and field power for all 
points on module 

c. 1 00% of PLC system and field power for all points 
on module 

d. I have no idea! 
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BASICS OF PLC PROGRAMMING 

PLC Instructions 
Programming Timers 
Programming Counters 
Program Flow Control Instructions 
Entering Ladder Diagrams 
PLC System Documentation 
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BASIC PLC INSTRUCTIONS 




PLC INSTRUCTIONS 

BASIC RELAY 

TIMER AND COUNTER 

PROGRAM CONTROL 

DATA MANIPULATION AND TRANSFER 

SPECIAL FUNCTION 



US 



BASIC RELAY INSTRUCTIONS 

CONTACTS - Represent conditions to be evaluated 

Examine ON — | |— 

Examine OFF 
COILS 

- Represent outputs 

- Controlled by evaluation of conditions 
OUTPUT — ( )— 

o 

Not OUTPUT 



Latch 

Unlatch 
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EXAMPLE: INVAUD REFERENCE 



Avoid using the same output coil reference twice in 
an RLL program stage. Some manufacturers will 
not allow it. 



xs 



Y30 




Y31 




X4 



CI 



X7 





XO XI 



Y30 



X2 X3 

HHH 




RLL Example, (nvalld Reference 

If the CPU could run this logic, on the RLL rung controlling 
the last reference to output Y30 would control the factory 
actuators. 
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PROGRAMMING TIMERS 
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TIMER AND COUNTER INSTRUCTIONS 



• TIMLRS 

- Timer ON Delay Energize 

- Timer ON Delay De-Energize 

- Timer OFF Delay Energize 

- Timer OFF Delay De-Energize 

- Retentive Timer 

• COUNTERS 

- Up-counter 

- Down-counter 

- Counter Reset 



TIMERS 



• Timer ON Delay Energize 

• Timer ON Delay De-energize 

• Timer OFF Delay Energize 

• Timer OFF Delay De-energize 

• Retentive Timer 



TMR 




RegX 
RegY 
TB 




RegfSttr X 

Of 



Tfme Base 
Regisfef Y 



Output 1 



o 



Oufput 2 
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TIMER TIMING DIAGRAMS 



ON DELAY 



1 

Timer's Control Input 0 
1 

ON-Deia* Energize 0 



1 



OFF- Delay Energize 0 



1 



Delay 



OFF DELAY 



t 



Tifnef s Control Input 0 



OFF Detay Energize 0 



OFF. Detay De-energize 0 



Delay 



erIc 
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Exclusive OR 



Input 
A 



Input 
B 



Outpul or Internal 



o 



Input input 




Oscillator Circuit 



TMR2 



TMR t 

■o — 

PR 5 

TB 0 t Sec 



TMR 1 TMR 2 

H I O 



PR - 5 
T8-01 Sec 
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The One-Shot Signal 




System Start-UP Horn 



Stan Reset ' 



Set-up 



Set up 



■M 1 h 



Wired NC 



Set-up 



O 



TMR 1 

o 



PR 10 
T3 1 Sec 

TMR 1 Set up Horn Output 




/5f; 



Annunciator Flasher Circuit 



TMR 1 



TMR2 



Alarm 
Cond 1 



Alarm 
Cond 2 



Alarm 
Cond n 



TMR 1 



TMR 1 



TMR 1 



TMR 1 



o 



TMR 2 

Alarm 1 
Oufpuf 

-o- 

Alarm 2 
Output 



^l o 



Alarm n 
Oufpuf 



Self-Resetting Timer 



TMR 1 TMR 1 

-i4 O— 

PR 30 
TB t Sec 



PROGRAMMING COUNTERS 



COUNTERS 



Up 


CTH 


Outputi 1 


RegX 

or 
Valuo 
RegY 


Down 


Output2 ^ 


Reset 








CountaPreset 




Count > Preset 



Block format 



CTU 




RegX 
RegY 

CTO 



RegX 
F^Y 

CTR 



Up Counter 




Down Counter 




Reset Counter 



Basic tedder format 
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TIMER AND COUNTER SUMMARY 



• TIMER ( TMR ) 

• FAST TIMER ( TMRF ) 

• ACCUMULATING TIMER ( TMRA ) 

• FAST ACCUMULATING TIMER ( TMRAF ) 

• COUNTER ( CNT ) 

• STAGE COUNTER ( SGCNT ) 

• UP/DOWN COUNTER { UDC ) 



PROGRAM FLOW CONTROL 
INSTRUCTIONS 




PROGRAM CONTROL 



MASTER CONTROL RELAY ( MCR ) 

- (De)Activate execution of group or zone of 
ladder rungs 

- Used in conjunction with an END rung 

- If MCR is turned OFF, ail non-retentive( non- 
latched ) outputs within zone will be de-energized 



Main Control 
Program 



AUTO 



MCRI 




O 



Fenced 
MCR< 
Zone 



O— 
O- 

o— 



ENOt 



O 



Main Control 
Program 



PROGRAM CONTROL 



• ZONE CONTROL LAST STATE ( ZCL ) 
- Similar to MCR 



- If ZCL is turned OFF, all outputs within the zone 
will be held in this last state 



DATA MANIPULATION AND TRANSFER 

• DATA CONVERSIONS 

- BCD to Binary 

- Binary to BCD 



DATA MANIPULATION AND TRANSFER 



• LOGICAL SHIFTS AND ROTATES 



Bit MSB 



Register X 



Shift-out 
LSS Bit 



0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 



SMfl 



-(Right) 



New 

Shift-in 
Bit MSB 



befors 

Register X 



Shift-out 
ISB Bit 



1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 



t 



Shift 



•(Right) 



aftar 



Rotate 

Bit-in 



MSB 



Register X 



LSB 



1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 


1 


0 , 


Q 



Rotate 
Bit-in 



Rotate 



(Right) 



before 



Rotate 

Bit-^ 



MSB 



Register X 



Rotate 



after 



(Right) 



LSB 



Rotate 

Bit-in 
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IMPLEMENTING AND PROGRAMMING 

THE PLC 
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IMPLEMENTING AND PROGRAMMING 

THE PLC SYSTEM 

• CONTROL DEFINITION 
. CONTROL STRATEGY 

. IMPLEMENTATION GUIDEUNES 

• PROGRAM ORGANIZATION AND IMPLEMENTATION 

- Flowcharting 

- Configuring 

- I/O Assignments 

- Register Address Assignment 

- Portions to Leave Hardwired 




CONTROL DEFINITION 




IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



CONTROL DEFINITION 

• List requirements for the task 

- Operations 

- Users 

- Data reporting 

• List Constraints 

- Time of execution 

- Types of field devices 

- Space and geography 

• Review Current Procedure ( if applicable ) 

- Take advantage of PLC capabilities 




CONTROL STRATEGY 



IMPLEMENTING mO PROGRAMMING 
THE PLC SYSTEM 



CONTROL STRATEGY 

• Determine Algorithm 

- Sequence of steps whicli produce the desired 
result 

- May need to add to control definition 

- Do not program ( focus on design ) 

• Consider Alternative Approaches 

- Benefits: shortens programming time 

reduces debugging time 
accelerates start-up 




IMPLEMENTATION GUIDELINES 




IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



IMPLEMENTATION GUIDEUNES 

• Flowchart the process operation 

• Implement flowchart 

( logic diagrams or relay logic symbology ) 

• Assign I/O addresses ( real and ir^^^rnal ) 

• Translate flowchart to PLC coding 



IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 

PROGRAMMING ORGANIZATION & INPLEMENTATION 
• Flowcharting 

- Pictorial representation for recording, analyzing, 
and communication information 

- Clearly depicts sequences and relationships 

- Broad or focused 




I 
I 
I 
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IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 

PROGRAMMING ORGANIZATION & INPLEMENTATION 
• Flowchart Symbols 



tam»\ 




A potf« «i fit png 
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Aoraupofinti 
MirvMniflM 



Agro«if 




if M«n^Mi M a 
progrM 
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O 
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PROGRAMMING ORGANIZATION 




178 



IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



PROGRAMMING ORGANIZATION 
• Configuring the PLC system 

- Required modules 

Present 
Future 

- Organize modules within racks 

Grouping like signals 

- Locaticn of racks 

- Power supply 




IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



PROGRAMMING ORGANIZATION 
• Real and Internal I/O Assignment 

- Indicate connections between PLC I/O and 
field devices 

- Indicate assignment of intemal address 

( timers, counters, MCRs, coils and contacts ) 

- Recommended to assign all inputs or all outputs 
at the same time 



IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 

PROGRAMMING ORGANIZATION 
Register Address Assignment 

- Work from lifit of all available registers 

- Enter contents, description, and function 
as assigned 




Tl MEMORY MAP 



Octal 



I • r 



CMT: 



Data 



V0740M 



Inpitfa/Outputi 
OX OX 



inputs 
X 



Outputs 

V 
<> 



O 



T; 
-t I- 



CT: 



-I t- 



t28 T0-T177 



128 CTCKrriTT 



512 GX(W3X777 



320 X0-X477 



320 Y0-Y477 



480 CR0<:a737 



384 30^77 



128 T0.T177 



128 CT0-CT177 



S8 SP0-SP137 
192 SP320-$P617 



V Memory 

Octat Word Addresi 

VOOOOO-V00177 



VO100O-VOU77 



3072 V01400.V07377 V01400-V07377 



2S8 V07400-V07777 V07400-V07777 



V40000-V40037 



V40400-V40423 



V40500-V40523 



V40600-V40635 



V41000-V41027 



V41100-V4U07 



V41140-V41147 



V4 1200- V4 1205 
V412i5-V41230 
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Glossary of programmable controller terms 



This glossary was abstractad from ^'Qlossary of 
PrvgrammablB ControUar Tarms,'' compifad by Ah 
lan^Bradlay Company 



A 

•e Input modtti*: i/0 Rack modult whieh eonvtns van* 

OM te signalt origirating m uaar swiicfiM to ttit ap- 

propriatt logic iovot for uso within tfio proMtsor 
oc output module I/O Rack modufo wfiieh eonvtitt Vha 

fogfc Yavota of tho Procaaaor to a uaabfo outpi^ a^gnal 

to control a usar'a ac loadl 
•ddrooa: A location in tho Proctaior'a mamory; uatiaify 

uaad In rafaranco to tfio Data TaWai 
oMioa Input moAilo: An I/O ftek modulo wMch con- 

vana an analog aignal fronTa imt ^Ico to a cflgttai 

aignal w^[en may bo prooiaaad &y mo Procaaaor. 
analog outpw modulo: An I/O Rack modulo wtOeh eon* 

vona a digital a^naTfrom tno ^ocosaor into an analog 

output aignal for usa by auaor dav^ 
•ritfimatio capaMily: TMo abiUty to do additloa aut>* 

traetioa and in aoma casaa multiplication and divisioa 

with ttio PC Procaaaor. 
ASCIb An olght-tavol (7 Pits a parity bit) coda forma Vha 

Amancan Standard Coda for information Inttrehanga 
aaynchronoua: Not ralatad through repaating timo pat- 

tama 

aaynchronoua aHlft ragiatan A ahift ragiatar whUih dot$ 
not roQuira a ciock. Regrstar sagmants ara toadad and 
fhiftad only at data antry. 

B 

baud: 1) A unit of data transmission apaad a«|ual to ttia 
numtw of coda atamanta (btta) par sacond 2) A unit 
of signaling tp^ad aqual to tho numpor of dlscrata 
conditiona or signal avanta par sacondi 

BCD (Binary Codad Oocimal]^ Tha 4-bit binary notation 
in which individual dacimai digits (0 thru 9) ara rapro* 
sentad by 4-b(t binary numarais; a.g. tha numbar 23 is 
rf oresantec by 0010 0011 in tha BCD notatioa 

binary: A numbanng systam using only tha digits 0 and 1. 
Also caiiod ''basa 

bir ary word: A ralatad grouping of onas and iaTX>u hav 
rng moaning assrgnad by position, or numancaf vafua 
in tha binary systam of numpars. 

bit: 1) An acronym for Binary digiT; tha smallast unit of in« 
tormation in tha binary numbaring systami Reprasisnt*^ 
ad by tha digits 0 and 1. 2) Tha smafiast division of a 
PC word 

bit TBta: Tha rata at which binary digits, or pufsas TapTm- 
santjng them, pass a given pomt in a communication 
lino 

Boolean algabra: Shorthand notation for expressing logic 
functions 

bus: An electrical channel along which data can be sent 
or received 

bytr. A sequence of binary digits usually operated upon 
as a unit (The ejiact number ^9pan6% on the system, 
but often 8 bits) 

c 

card feeder: A device for reading Information from 
punched csrda 

caosatte recorder: A magnatic tape recording and play- 
back device for entering or storing programa 

eonb'af procoaalng unH (CPU); Another term for Proces- 



sor* It Includes the circuits controlling tho inter- 
pretation and execution of tho user*lnsened program 
Instructions stored In tho PC memory. 

character: Oie symbol of a sot oiementary symbols, 
such as a latter of alphab^K or a decimal numeral 
Char^ters may bo exprossad in many binary codes. 
For example, an ASCII character ia a group of 7 bits. 

ehifK A liny place of somiemductor material on which mi- 
croscopic electronic components are photo*etched to 
form one or more circuit After connoction leads and 
a ease aio added to tte chip, it ia called an Integreted 
Circuit 

drcttft tai± A printed drcuH board containing eloctronic 
compononta 

clean To retum a menwry to a non*pfogrammed atata. 
uaually represented as *ir or OFF (empty), 

clocic A pulse gwerator which synchronizes the yming of 
various iogle droiita and memory In the Processor. 

ctoelt rate: The apeed (frequency) a! nrhtch tho Processor 
oporataa aa detwtnm^ tqr tho rate at which worda or 
bite are transferred through im^al logic soQuoncesL 

CMOS: Compiementary motti oxide semiconductor cir* 
cuWy* An Integrated dreuA temily which has low pow- 
er consumptioa 

coding: The preparation of a sat of Instructions or sym- 
bola which, when usM by a programmable controller, 
have a spedai external maaning 

computer fcitarface: A device designed for data commu- 
nication between a central computer and another unit 
auch as a PC Processor. 

rantaet aymbolegy diagram: Commonly rai^rrti to aa a 
ladder diagranv it oxprossaa mo user^programmed 
logic of the controller in roiay^uivalent symbology. 

core memoqr; A device used to store Information in ferrite 
eorea Each may be magnetoad m oimer poUrtty, 
Which are represented by a logical "I- or u.- This 
nspmory is non*t^tile: the contents of the memory 
are retained while power la off. 

counter ki relay-panel hardware, an electro-machanicar 
device which can ta wired and preset to control other 
devices according to tho total cycles of one ON and 
OFT funcboa In PC; a counter is internal to tho Proc- 
essor; ia. it is controlled by a user-programmed In- 
structioa A counter instruction has greater capsDinry 
than any n%r&w%T% counter. Therefore, PC applicatjons 
do not require hard%vare counters 
CRT terminal: A terminal containing a cathode ray tube to 
display programs as Md^r diagrams which use in- 
struction symbols stmtiar to relay characters A CRT 
tcrmrnai can also 6mpl$y data lists and application re* 
porta 

cursor A visual movable pointer used on a CRT by the 
PC proQrammer to indicate where an instruction is to 
be added to the PC program. The cursor ts also used 
dunng editing functions 

D 

data link; Equipment especially transmission cables and 
interface moduiei which permits the transmission of 
Informatiofi 

debugging: Process of detecting, locating, and correcting 
mistakes in hardwaro {system wiring) or softwaro {pro- 
gramj. 

diagnostic program: A test program to help Isolate hard- 
ware malfunctions in the programmable controller and 
application equipment 

dIglUi: The representation of numerical quantitiSL by 
means of discrete numbera It is s^ssibfe to express in 
binary digital form all Information stored, transferred^ 
or processed by dual-state eondibons: oig., on/off. 



isi 



opM/claMct ocuf. and BCD vsluti. 

docymtfiU^M: An ordaHy collaction reconS«d hard- 
war* and sottwara data su^ as taMat. ttsting. dia- 
grams, au«, to provlci ralartnca information for PC 
appitcattor operation and maintanancai 

donmUma: Thi ttma wti««* a ay^am ia not availab&a for 
production dua to raqulrad ma^tananca. 

dupias: Two-way data ^ansmiasion in two diracfions^ Fuil- 
dup^ daspltai two data patf)S wtiictt ailow simutta- 
naoua data transmission in both directions Hat(*du- 
pias dascnbas ona data path which aUowa data trans- 
mission in aithar of two directions, but only one direc- 
tion atatjma. 



E 

edit: To deliberately modify the user program in the PC 
memnry. 

eseeuCion: The performance of a specify operation tuch 
as would be accomplished tl.lrough procttsing one in* 
structioa a series of instructicm^ or a comptete pro- 
grant. 

eiecu^ time: The total time required for ttie executkm 
of one specific oparatioa 

F 

feedback: The signal or date fed back to the PC from a 
contrOied machine or process to denote its mponse 
to the command signal 

filler: Electrical device used to Muppren undesirable 
electrical noise, 

firmwere: A senes of Instructions in ROM (readK)niy 
memory). These instructions are for mtemitf Processor 
functions only, and are transparent to the user. 

floer duul: A graphical representation for the definition, 
anwtysis^ or solution of a probtent Symbols are tMd to 
represent a process or sequence of (i9Ci^w% and 
events 

full duplex: A mode of da^'a transmission that ia the 
equivalent of two paths-Hme in each direction simul- 
taneously. 

H 

Keff duplex: A mode of data transmission capable of 

communicaimg m one of two directions* but m only 

one direction at a time, 
hard copy: Any form of printed document such as ladder 

diagram program listing, paper tape, or punched 

cards 

hardware: The mechanical etectncai and electronic de- 
vices which compose a progr^immable controller and 
its application. 

I 

input devsces: Devices such as limit switches pressure 
switches, push bunons etc that supply data to a pro- 
grammable controiter. These discrete inputs are two 
types: those with common return, end those with indi- 
vidual returns (referred to as isolated mputs^ Other tn- 
puts include analog devices and digital encoders 

Inetruetion: A command or order that wiU cause a PC to 
perform one certain prescribed operation. 

Interfecing: interconnecting a PC with its appUcation de- 
vices and data terminals through venous modules 
and cables interface modules convert PC k>glc levels 
into external signal levels auid vice versa. 



I/O: Abbreviation for INPUT/OUTPUT. 

I/O electrical leoMion: Separation of the field wiring cir* 
cuiU from the logic level circuits of the PC; typicaUy 
done with optical Isofatioa 

I/O module: The printed dr^ board that is the termina- 
tion for field wiring of I/O devicen 

I/O rack: A chassis which contains I/O Modules 

I/O eean: The time f9qmr9a for the PC Processor to 
monitor all inputs and control all outputs The I/O 
Scan repeats continuously. 

iaolaud I/O module A module wttich has each input or 
output electrtc^ly isolated from every other input or 
output on that moduls That is to say« each input or 
output has a separate return wire. 

L 

tedder ifiagram: An industry standard for representing 
control U^ic relay systems 

language: A set of symbols and rules for representing 
and communicating infornrfation (data) among people, 
or between people and machines 

large ec^ Integration (LSI): Any integrated circuit which 
has more than 100 equivalent gates manufactured si- 
multaneously on a Single slice of semiconductor mate* 
nal 

latching relay: A relay with 2 separate coils one of which 
must be energized to change the state of the relay; ft 
wOl remain in either state without power. 

line: In communications describes cables telephone 
llnm etc, over which data is transmined to and re- 
ceived from the terminal 

Una driver: An integrated circuit specifically designed to 
transmit digital information over long lines— that is ex- 
tended distances 

line printen A high-speed printing device that prints an 
entire line at one time 

loeatkm: A storage position in memory. 

logic: A means of soh^ing complex problems through the 
repeated use of simple functions which define basic 
concepts Three basic logic functions are AND. OR 
and NOT. 

logic diagram: A drawing which reprints the logic func- 
tions AND, Oa NOT, eta 

iogie level: The voltage magnitude associated with signal 
pulses representing ones and leroes {•"l" and •*0**) m 
binary computation. 

M 

matrix: A hvo-dimensional array of circuit elements such 
as wires diodes etor which can trarsform a digital 
code from one type to another. 

memory: A grouping of circuit elements which has data 
storage and retrieval capability. 

memory module: A Processor module consisting of mem* 
cry storage and capable of storing a finite numt>er of 
words {sg. 4096 words in a 4K memory module). 
Storage capacity is usually rounded off and abbre- 
viated with K representing each 1024 words 

micro electronics: Refers to ctrcutts built from mm- 
iatunzed components and includes tii .^grated circuits 

micropro^rasor: An electronic computer processor sec- 
tion implemented m relatively few IC chips (typically 
LSI) which contain: arithmetic, logic register, control 
and memory functions 

microeecend One millionth of a second: 1 x 10^ or 
aoooOOl second. 

millisecond (m*): One thousandth of a second: 10' or 
0001 second 

modem: Acronym for data set (MOdulator/OEModuiato i 
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mo<^ An lnt«i:3Chinatilsl« *piug-fn* Hem containing 
•Ittctronic compon«nta wtiicti may b9 eombin#d with 
omar interehangaaMa itama to forni a compfata unft 

1108: Standa tor mataMixIda samtccfidt^tor* It la a math- 
od of manufacturing tow currant 6fain Mnalstora and 
mtagratad circuital 

nuiKiplailns: Tha tlma*anared scanning of a number of 
data linaa into a single channaL Only one data Una is 
enabled at any instant 

N 

Miaa: Extraneous signals; any disturbance which causes 
interference with the di»irad signal or operatiioA. 

nen-volatUa m am oqr A memory tftat does not lose its in-> 
formation while iU power suppfy ia turned oft 



efr-Una: Oascribea equipnient or devfcM which are not 
connected to tha eommunicationa Unei 

oA-fiiitt Describee equipment or devi^ which ara con* 
nacted to the eommunicationa iinc 

online op«raiiofi: Operationa where tha programmable 
controller ia directly controlling tha machir^e ^ proc- 
ess^ 

output Information transferred from PC through output 

modules to control output devicM. 
,wlput dairkaa: Oevicaa such aa solenoids^ motor sUrt- 

ers^ etc that raceive data h^m tha programmable 

controller. 



parallel oparatlon: Type of information transfer whereby 
alt digits of a word are handled stmuttanaously* 

parallel output: Simultaneous availability of two or mora 
bita ^annals, or digits, 

parity: A method of verifying tha accuracy of recorded 
data. 

partly bit: An additional bit added to a memory word to 
make the sum of the number of *'Vs'* In a word ahvays 
-even parity or "odd parity* (aiwaya even or odd). 

parity ehacfc: A check that testa whether tha number of 
•-IV in an array of binary digits is odd or evaa 

PC: AbbreviatkKt for Programmabia Controilef, 

perfpfiaral aqulpmeni: Unite which may communicate 
with tha programmabia controitw^, but ara not pa4 of 
tha programmabia eontroilar: e^g. Telatypei cas«ane 
recorder, CRT terminal tape rwlw. eta 

printed efrcuff: A board on which a predat^minad pat- 
tern of printed connections hM bean formed 

proMaaoR A unit In the programmable controUef which 
scana aH the mpiM and outputs In a pradatarminad 
order. Tha Processor monitora the status df tha inputs 
and outputa in response to tha user programmed in- 
structior^s m memory, and ^ er^gizea or d^Hfi^r^zts 
outputs as a result of the logicaJ comparisons made 
through these Instructions 

program: A sequence of Instructions to be executed by 
the PC Proc%9Sor to control a machine or process. 

prpgiam panel: A device for inserting, nrtonitoring, and 
editing a program in a PC 

program scan: The tima required for the PC Processor to 
execute alt instructions in the program oncai The pro* 
gram scan repeats continuously. The program moni- 
tors Inputs and controls outputs through the Input and 
Output Image Tablea. 

programmable controlfen A solid state control system 
which has a user programmabia memory for storage 
of initructiona to Implement specific functions sucn 
as: UO control logia timing, counting, arithmetic, and 
dtta manipulation. A PC consists of central processor. 



Input/oitput interface, memory, and programming de- 
vica which typical^ uses nNay-equivalent symbols. PC 
is purposely designed as an Industrial control system 
which can perform functions e^^aient to a relay pan- 
el or a wired solid ^te logtc control system 

PROM: Abbreviation for Programmabia f^ad-Oniy Mem- 
ory. A digital storage device which can be written into 
only once but continually read. 

protocol: A defined means of establishing cnteria for re- 
ceiving and transmitting data through communication 
channafa 



RAM: A Random Accesa Memory is an addressable LSI 
device used to store information in microscopic ftip- 
fiops or capacitora Each may be set to an ON or OFF 
sute. representing logical or -tt" This type of 
memory is vptatila. That ia to say. memory ts lost while 
power is oft unless battery back-up la used 

reed: To sense tfw prasenca of information in some type 
of storage, which includes R/M memory, magnetic 
Upe, punched tape, etc 

rteohition: A measure of ma smallest possible Increment 
of change in the variab^ output of a device. 

ROM: A Resd-(^ly Memory ia a digital storage device 
specified for a smgle functioa Data is loaded per- 
manently into tha ROM when it is manufactured. This 
data ia available whenew tha ROM address lines are 
scanned 

img: A grouping of PC ^structions which controls one 
output This is represented as one section of a logic 
ladder diagram. 

s 

acan time: The time necessary to completely execute tne 
entire PC program one tlmsL 

eelf'KliagnoatIc: The hardware and firmware within a con- 
troller which allows it to contmuously monitor its own 
status and indicate any fault vvh^ch might occur within 
it 

aerial oparatlon: Type of information tran$fe#' within a 
programmable ccHitrdler whereby the bits are handled 
sequentially rather than simultaneous y. as they are m 
parallel operation. Senal operation is slower than par- 
allel oparatlon for equivalent dock rate. However, only 
one channel is required for Serial operation. 

ahlft register A program, entered by the user into the 
memory of a programmable controller, in which the in- 
formation data (usually single bits) are shihed one or 
more positions on a continual basn There are two 
types of shift registers: asynchronous and synchro- 
noua 

aigniftoant digit: A digit that contributes to the precision 
of a number. The number of significant digits isocount- 
ed beginning with the digit contributing the most value, 
called the Most Significant Digit and ending wim the 
one contributing the least value, called the Least Sig^ 
nificant Digit 

aoftwara: The user program which controls thu operation 
of a programmable controlier. 

solid atate devlcee (semiconductors): Electronic com- 
ponents that control electron flow throjgh solid mate- 
rials such as crystals; e.g., transistors, diodes, in- 
tegrated circuits. 

special purpose logic: Proprietary features of a program- 
mabie controller which allow it to perform logic not 
normally found in relay ladder logic 

start-up: The time between equipment installation and the 
full operation of the system. 

state: The logic * 0" or ^'l" condition m PC memory or at a 
circuit s input or output 
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ttor9Q« Synortymouf with Memory, 
strip pr^ttr. A p«npr)«r«i dtvict us«il vwth t PC to pro- 
vide a hirncopy of process numbem stetus and tunc* 

•Mfge: A f rensrent variinon in the current end/of potential 

at a p^nt in the eircwt 
synchfOflcHie ahUI regMen Shift register which uses a 

Clock for Uming of a system operauon and where wily 

one state change per clock putse occurs, 
system: A ^llection of units comlxned to work as a larger 

integrated unit having the capabilities of au the seoa- 

rate units. 



T 

tape feeder A unit which is capat>ie of sensing data from 
punched tape. 

Teletype: A pesipherai electromechanical device for in- 
strung or recording a program into or from a PC 
memory in enher a pun^ied paptr tape or printed lad- 
d^ diagram format 

UrmifiatiQie 1) The load connected to the output end of a 
twismteioit Une. 2) The provistone for ending a trans- 
musioo Una and connecting to a bus bar or other tar- 
minasing devtM. 

thisnbwheel swteh: A rotating numeric switch used to in- 
put numeric Information to a controller, 

timer: In relay*panet hardware, an electromechanical da- 
vice which can be wired and preset to control the op- 
f rating interval of other devices. In PC, a timer la inter- 
nal to the Processor, which 1$ to say it is controlled by 
a us^-programmed instruction. A timer instruction 
has greatar capability than any hardware timer. There- 
fore PC applications do not w;i^r9 hardware trnws. 

transducer: A device used to convert physical param- 
ttera. such as temperature, QiBssurn, weight into cfec- 
tncafsignaia 

fraraSalQr package: A computer program which allows a 
user program <in binary) to be converted into a usable 
form for computer manipulatloa 

inith table: A matrix which describes a k>gic function by 
fisting all possible combinations of inputs and by in- 
dicatirsg the outputs for each wmbiiiation. 

TTL: Abbreviation for Trarrsistor/Transistor Logta A faml- 
ly or integrated circuit logic (Usually 5 volts is high or 
T and 0 volts Is low or tl"; 5V - 1, OV » a) 

TTY: An abbreviation of Teletype. 



u 

UV etasable PROM: An ultraviolet erasable PROM is a 
programmable read-only memory which can be 
cleared (set to -Q'*) by exposure to intense ultraviolet 
Itght After being cleared, it may be reprogrammedl 

V 

volayie memofy: A memory that loses its information If 
the power is removed from it 



w 

weighted falue: The numerical value assigned to any 
stngre bit as a function of its positton In the code word 

wor± A grouping or a number of bits in a sequence it)'t 
IS tre^t$^ as a unit and is stored m one memory locii. 
tioa 

word length: The number of bits n e word: in PC liter- 
ature these are generally only data bits. One PC word 
« IS data bitSL 

write: The process of loading information into memory 
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IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 

PROGRAMMING ORGANIZATION 

• Portions to leave hardwired 

- Hardwired elements remain part of tlie control logic 

• Should include: 

- Elements not frequently switched off after the start 

Compressors 
Hydraulic pumps 
Other motors 

- Elements required for safety purposes 

Emergency stops 
Master start pushbuttons 
Alarms 
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IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



PROGRAMMING ORGANIZATION 
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IMPLEMENTING AND PROGRAMMING 
THE PLC SYSTEM 



PROGRAMMING ORGANIZATION 

• Special Cases 

- Programming NO wired devices as NO 
( and vice versa ) 

- MCR 



PLC SYSTEM DOCUMENTATION 



PLC SYSTEM DOCUMENTATION 



SYSTEM CONFIGURATION 

I/O WIRING CONNECTION DIAGRAM 

INPU f/OUTPUT ADDRESS ASSIGNMENT 

INTERNAL STORAGE ADDRESS ASSIGNMENTS 

STORAGE REGISTER ASSIGNMENTS 

CONTROL PROGRAM PRINTOUT 



4^ 

Lbii 



PLC SYSTEM DOCUMENTATION 



RECORDED INFORMATION CONCERNING: 

1) Operation of machine or process 

2) Hardware components of control system 

3) Software components of control system 



RECORDS USED DURING: 

• System Design 

• Installation 

• Start-Up 

• Debugging 

• Maintenance 



RECORDS PROVIDE: 

1) Communication tool 

2) Ability to diagnose and modify later 

3) Training material for operators and maintenance 

4) Ability to reproduce the system 
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PLC SYSTEM DOCUMENTATION 



SYSTEM ABSTRACT 



- Clear statement of control problem or task 

- Description of the design strategy or philosophy 

• Define function of major hardware and 
software components and why selected 

- Statement of objectives 

• Will allow the user to measure the 
success of the control implementation 



Example: 

A single CPU, located in an enclosure adjacent to 
the machine, will control a pneumatic twelve position 
index table and the functional equipment at each of 
the twelve stations. Local DC input and output modules 
will be used to interface the field devices with the CPU. 



PLC SYSTEM DOCUMENTATION 

SYSTEM CONFIGURATION 
Diagram which shows: 

- Physical location of subsystems 

- Designation of I/O rack address assignments 

ENCLOSURE 
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PLC SYSTEM DOCUMENTATION 



I/O WIRING CONNECTION DIAGRAM 

• Shows connections of field devices to PLC 

• May include power supplies and subsystems 
- Shows rack, group and module locations 

• Show TB numbers if field device not directly wired 
to I/O module 
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PLC SYSTEM DOCUMENTATION 

INPUT/OUTPUT ADDRESS ASSIGNMENT 

• Table organized by I/O address 

• Shows I/O type, device type, and device function 

• Show both used and unused addresses 



Addrtss 


t/OTyp« 


Dsvica 


Function 


0120 


115 VAC In 


PB 


Start Push Button PB 1 


0121 


llSVACfn 


IS 


Up Limit «2 


0122 


115 VAC In 


PS 


t^rauiic Pressure OK 


0123 

• 


115 VAC in 

• 


PB (NC) 

• 
• 


Reset PB 2 

• 
• 


• 
• 

0230 


• 
• 

24 VAC Out 


• 

Sol 


• 

Retrad #1 


0231 


24 VAC Out 


PL 


#2 in position 


0232 


24 VAC Out 


PL 


Running 


0233 


24 VAC Ovt 


Sot 


Fast Up «3 
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INTERNAL STORAGE ADDRESS ASSIGNMENTS 

• Internals not associated directly with field devices 

- Programming timers, counters 

- Replacement of control relays 

• Tendency Is to use them freely without accounting 
for usage 

- Good documentation will simplify modifications 

- Show both used and unused assignments 



tntcnwi 


Typ* 


OtMriptfon 


1000 




Used to Latch Position 


1001 


Coil 


Set-up instantaneous Timer Contact 


1002 


Compam 


Used for CMP Equal 


1003 

• 


Add 

• 


Addition Positive 
• 


• 

• 

T100 


• 
• 

Timer 


• 
• 

Time on delay— Motor 1 


C40Q 


Counter 


Count pieces on Conv. #1 


• 


• 


• 


• 


• 


• 


• 


• 
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STORAGE REGISTER ASSIGNMENTS 

• Consist of user storage and I/O registers 

• Registers store information from address assignment 
plus comparison values and presets 

• Table should show if register is used or not 



Rtfliitif Conttngt Ptcriptlon 



3036 Tamperatur* In t/0 Register with AnaiOQ Module 

J)AQ Temperature In t/O Register with Analog Module 

4000 1200 20 sec preset of TDR3 

4001 2000 Count preset for CMP • 

4002 5000 Count preset for CMP > 

4100 0 l^tUsed 

to • • 

4200 • 

0 
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I PLC SYSTEM DOCUMENTATION 

I CONTROL PROGRAM PRINTOUT 

I . Hard copy of control logic program in CPU memory 

I • Not adequate by itself 

I • Some manufacturers software provide additional 

documentation capabilities 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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INSTALLATION PRACTICES 

AND 

TROUBLESHOOTING 
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INSTALLATION PRACTICES 

• PLC Enclosures 

• Electrical Noise 

• Leaky Inputs and Outputs 

• Grounding 

• Voltage Variations and Surges 
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PLC INSTALLATION PRACTICES 

PLC ENCLOSURES 



• NEMA 1 2 for most soild-state control devices 

- general opurpose areas 

- dust-tight 

• Metal minimizes EMR generated by surrounding 
equipment 

• Heat Dissipation Factors 

- generated by power supply, local I/O, CPU 

- proper spacing of components usually 
sufficient 

- fan or blower for high ambient temperature 
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PLC INSTALLATION PRACTICES 



ELECTRICAL NOISE 

• Enters through input, output or power supply lines 

- coupling of an electrostatic field 

- electromagnetic induction ( EMI ) 

• Results in temporary occurrences of operating errors 

- may result in hazardous machine operation 

Prevention 

• Locate controller away from noise generating devices 

- large AC motors 

- high frequency welders 

- relays, solenoids, motor starters ( especially 
when operated by hard contacts ) 

• Careful wire routing 

- separate input power routing from I/O wiring 

- never run signal and power in the same conduit 

- segregate I/O wiring by signal type 




PLC INSTALLATION PRACTICES 



LEAKT INPUTS AND OUTPUTS 

• Solid State devices will have a small leakage current 
even when in the OFF state 

- Inputs: proximity switches 

SCR 
triac 

transistor 

. Outputs: high impedance output load devices 

Solution: Use a bleeder resistor connected 
in parallel with the device 

• Results in temporary occurrences of operating errors 

- may result in hazardous machine operation 

Prevention 

• Locate controller away from noise generating devices 

- large AC motors 

- high frequency welders 

- relays, solenoids, motor starters ( especially 
when operated by hard contacts ) 

• Careful wire routing 

- separate input power routing from I/O wiring 

- never run signal and power in the same conduit 

- segregate I/O wiring by signal type 
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LI 



L2 



High f-\\f 
impedance 
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PLC INSTALLATION PRACTICES 



GROUNDING 

• Safety: National Electrical Code for conductors, 
color codes, connections 

- path must be pemnanent ( no solder ) 

- path must safely conduct ground fault current 

- must ground: controller and Its enclosure 

all controlled devices 

• Noise Reduction 

- everything inside controller should be individually 
grounded to central point on enclosure frame 

- power and ground should be separated at point 
of entry to enclosure 

- all ground connections to enclosure should be 
made with star washers 

- paint should be scraped off 

- No. 12 AWG stranded for PLC ( minimum ) 
No. 8 AWG stranded for enclosure backplane 



PLC INSTALLATION PRACTICES 



VOLTAGE VARIATIONS AND SURGES 

• Build-in Protection 

- power supply built to withstand fluctuations 

• Extra Protection 

- constant voltage transformer for excessive 
line voltage variations 

- suppression networks 

limit voltage spikes produced when current 
In an inductive load is intentipted or turned off 

limit rate of change of current through the 
inductor 
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TROUBLESHOOTING 



Procesor Module 
Input Malfunctions 
Output Malfunctions 
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TROUBLESHOOTING 



identify the problem and its source. Source can 
generally be narrowed to: 

• Processor module 

• I/O hardware 

• Wiring 

• Machine inputs or outputs 

Tools: 

• Status Indicators 

- on I/O module 

- programming device monitor 

• Voltmeter 

• Self-detection 

• Watchdog timer 
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input <{tvfce troid>le$hooting guid« 


Input 
dtvica 


(nput inoduit 
status 


Optfiuy 
ttrminal status 
MMcator 


Possit^ problem 


1 r 


it- 


Cios«f>ON 


ON 


TRUE 
1 ' 


FALSE 
Normal 


Nont. correct status 


Open -OFF 


OFF 


FALSE 
Nofmal 

Hh 


TRUE 
OarK 

4r 


Nont< correct status 
indication. 


Ctosad-ON 




FALSE 
Nonnai 

HI- 


TRUE 
Oaric 

~lr 


2. Pfoosssor/optrator 
ttrminal oommunication. 


Oosad-ON 


OFF 


FALSE 
Nonnai 

HI- 


TRUE 
Oarit 


1« WWinp/^sower to 

bOmocMe. 
2. t/O module. 


Open -OFF 


OFF 


TRUE 
DvK 

-F 


FALSE 
Nwmal 


1« PfO(^amming error. 
2. Proc^^sor/operaiof 
termina) oommanication. 


Open -OFF 




TRUE 
Oarit 

+ 


FALSE 
Normal 

Ht 


1. Short oncuit in Input devf» 
or wiling. 

2. tnpitf modute. 



Output devfce trouMshooting gutde 


Output device 
jondition 


Output module 
status 
indicator 


Operator 
tenninal status 
indicator 


Possible proUem 
source 


Energized ON 


ON 


TRUE Dark 


None, correct status 
indicatTon. 


De-energized OFF 


OFF 


FALSE Normal 

-o 


None, correct status 
indication 


Oe energixed - OFF 


ON 


TRUE Dark 


1« Wiring to output 

device. 
2. Output device. 


-V 

De^energized - OFF 


OFF 


TRUE Dark 


1. Bownfuse — 

modufe. 

2. Output module 
matfunctron. 




LED indicator 
not sliunnnated 




PLC SYSTEM SELECTION 
GUIDELINES 
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PLC SIZES 
AND 

SCOPE OF APPLICATIONS 
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PLC SIZE AND APPLICATION 



I/O 



MEMORY 



CAPABIUTY 



SMALL Si 28 256-2048 bytes 

usually CMOS 
RAM with battery 
backup 



-Simple to Advanced 
-Discrete 



MEDIUM 



128- 
2048 



32 K Bytes 
usually CMOS 
RAM with 
battery backup 



-Simple to Advanced 
-Discrete and Analog 

-Data Communication 
RS-232 or 20 mA loop 



LARGE 



up to 
8192 



750 K Bytes 



Individual processes 
toeniirb plants 

-Master/slave 

-Servo drive 

-Communications 
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PLC SIZE AND APPUCATION 




PROCESS CONTROL SYSTEM 

DEFINITION 



PROCESS CONTROL SYSTEM DEFINITION 

ITEMS TO EVALUATE AND DEFINE: 

• Input /Output 

• Type of Control 

• Memory 

• Software 

• Peripherals 

- Physical Area and Environment 



PROCESS CONTROL SYSTEM DEFINITION 



INPUT/OUTPUT CONSIDERATIONS 

* Count devices to be monitored or controlled 

- analog and/or digital devices 

- future expansion 

- spare poin^ ( typically 1 0% to 20% ) 

• Look for desirable characteristics 

- debounce circuitry 

- surge protection 

- isolation 

- fused circuits and blown fuse indicators 

- special function and remote I/O 



PROCESS CONTROL SYSTEM DEFINITION 

CONTROL SYSTEM ORGANIZATION 

What type of contro) should you use? 

- Number of machines or processes? 

- Require communication to other controllers or 
computers? 

Memory Considerations 

- type ( volatile, non-volatile ) 

- amount 

Software Considerations 

- programming languages 

- instruction set 

Physical and Environmental 

- ambient conditions 
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PROCESS CONTROL SYSTEM DEFINITION 



CHECKUSTS: 

I/O System: 



CPU: 

Software: 

Programmer: 
Diagnostics: 



I/O Count 
Digital I/O 
Analog I/O 
Remote I/O 
Special I/O 
Physical 

Processor 
Memory 
Power Supply 
Environment 

Language 
Software Coils 
Math 

Data Handling 

CRT or Computer 
Manual 

Storage Devices 

Power Supply 
Memory 
Processor 
Communication 
Fault Indications 



